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7 а LAYOUT OF THE TEXT 7 
i ki: ` This edition of ANIMAL BIOLOGY „heralds the coming of the . 
27 fourth decade of this popular and widely used Text-book of Biology ` 
i: for which > of. J. Z. Young, M.A., F.R.S:, 0? London once wrote : 
t «Animal Biology is a compact text-book covering a large field.” The 
‚ book has upheld its aim and has remained a traditionally up-to-date - 
| text-book catering to all Riology courses of Schools and Intermediate 
and TDO Colleges of the Boards and Universities of India. 
| The text has been designed in the following manner : ° 
| Chapters 1 to 17 are particularly meant for ICSE and High School 
| students. They deal with the fundamentals of the Living matter, 
I Cell-biology, the Tissues and the Functional Anatomy as embodied ` 
| in the Indian frog. : 
A Chapters 18 to 26 concentrate on the Biology of the Inverteoráte 
| prescribed for ISC-12, CBSE and Intermediate courses. 
|. . Chapters 27 to 39 deal with the detailed study of the Functional 
Anatomy and Physiology of Mammals with special references to Man ` 
and Rabbit. This has been done so, as majority of students offering 
.» Biology prepare for the entrance examinations of Medical Colleges. 
Chapters 40 to 46 include topics of General Biology such as | 
Classification of Animal Phyla, Heredity, Origin of Life, Organic _ 
Evolution and Evolution of Man, Family planning and Pollution. ae 
Glossary and a comprehensive list of great Biologists with their 


contributions is a very useful additional matter at the end. 


With the pressing demands made by the students and teachers 


alike, in addition to tr ‘tional descriptive-answer questigns, emódel 
7 medical Test have been added at the end of each 


questions for the Pre- 
chapter. No attempt has been made to make the book bulky by adding 


disproportionate number of model questions. 
| Т. a be emphasi again that this book covers а, Full Come 
| pf Intermediate Exami ation of State Boards of atone | 
| “Board of Secondary Examination and is equally useful for the B 
of ISC-12. ' ; 7 z ears ES 
This edition has been thoroughly revised and up-to- ated. 
‘Chapters on Cell, Heredity, Evolution, Protozoa and Porifera have - 
‘been enriched with more informations. : ; 
Hundreds of students and Biology teachers throughout India and 
neighbouring countries have helped to develop the book to its present . 
ha seni 
form; the author is highly grateful to them. . 
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PREFACE TO THE FIRST EDITION 
L ) . 


* Animal Biology is intended primarily for beginners taking a course 
of Zoology in Intermediate classes, it does дої presuppose a previous 
knowledge of the subject. It pays special attention to animal types, 
and with this view, the frog has been described in such a way as to. 
give the young student a grasp of the fundamentals of anatomy, 
physiology, histology and development. The descriptions of other 
animal types follow the same pattern. . But the types, though described 
in fair detail, are meant to emphasize the broad general principles, 
rather than as objects of intensive and isolated study. 


The growth in the field of Zoology has been very wide and rapid 
in the last couple of decades. Consequently, this book is written to 
take the modern and most recent knowledge into account, without 
undue burden being placed on the student. At the same time this 
book can be of useful service to more senior students in several ways. 

• It will be found to be especially helpful to those preparing for a pre- ; 
medical course of the Universities of Uttar Pradesh and Delhi. ; 


The diagrams have been drawn by us and an attempt has been 
made not only to make them simple, lucid, and well-labelled, but 
also to correlate the figures with the account in the text. 


‘It is hoped that Animal Biology will help the student not only in 
his or her studies and examinations, but that it will create a real 


interest in the subject, so that they will be inspired to probe further, 
nto the vast fields of Zoology. fie 
ө. 
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knowledge of the subject. It Pays special attention to animal types, 


and with this view, the frog has been described in such a way as to 


give the young student a grasp of the fundamentals of anatomy, 
physiology, histology and development. The descriptions of other 
animal types follow the same pattern. But the types, though described 
in fair detail, are mant to emphasize the broad general principles, 
raáher than as objects of intensive and isolated study. 


The growth in the field of Zoology has been very wide and rapid 
in the last couple of decades. Consequently, this book is written to 
take the modern and most recent knowledge into account, without 
undue burden being placed on the Student. At the same time this 
book can be of useful service to more senior students in several ways. 
It will be found to be especially helpful to those preparing for a pre- 
medical course of the Universities of Uttar Pradesh and Delhi. 


The diagrams have been drawn by us and an attempt has been 
made not only to make them simple, lucid, and well-labelled, but 
also fo correlate the figures with the account in the text. 


‘It is hoped that Animal Biology will help the student not only in 
his or her studies and examinations, but that it will create a real 
interest in the subject, so that they will be inspired to probe further, 
Wnto the vast fields of Zoology. т 
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. WORLD OF LIFE—THE ^ 
: BIOSPHERE 


' * 4 
* Everyone knows something about common plants and animals, : 


` but few know the tremendous variety inhabiting the earth today, and 
. many others that lived in the past ages but died out. More than ten 
million species of living animals are known, and they differ from one 
another in size, shape, structure, and mode oflife. Man has endea- 
voured to study these, and the science of the study of living beings is 
spoken of as Biology (bios —life, logikos=art of reasoning). It is the 


science of life. The term Biology was coined by Lamarck and Tre- ` 


viranus in 1802 A.D. F E 
There are many ways to start a course in Biology. We might 


begin broadly from the universe, the solar system comprising the sun 
. - and the planets revolvifig around the sun, then come down to the 
й earth, the only planet thusfar known to hold life. We might then 
k proceed to the vast oceans with teeming 
the ponds with their own set of plants and animals; finally the land 
ae <{th an endless variety of living things on it. We might settle on 
E the laboratory table and begin to look at parts of living things under’ 
| our microscopes, study the ways in 
to make up individual living things, and then discuss the many kinds 
of relations among different individuals. We might start a course in 
Biology with Chemistry and Physics, because the living things are 
* also made up of atoms and molecules; then try to understand various 
aspects and activities of living things at the level of molecules and 
} |. chemical reactions. This angle of study has given birth to a new 
(f discipline of Biology, | 

age of space adventures and space 
А. В.—2 . 
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course in Space Biology with the aim of studying th® possibility of 

life in other planets, introducing life there after a thorough study of 
effects of gravity, high altitude, weightlessness, and airless atmos- 
phere etc. on life. Thus there are many ways to start a biology 
course, as Biology is an immense science. 


Living organisms can usually be distinguished from the nonliving, 
though this is not easy with lower form? of life. All living beings 
display the following properties :— 

(1) form and size—Each living being usually has a definite form 
and characteristic size; it is an organized individual with a centralized 
control, and an interdependence of its parts. There is no limit to form 
or size of non-living substances and they have no centralized control. 

(2) Chemical composition—Living organisms are composed of 
chemical substances in definite proportions, these chémicals form com- 
plex organic molecules of great molecular weight which collectively 
form a living substance known as protoplasm. 'The protoplasm is 
generally divided into units called cells. Non-living substances may 
have the same elements as found in protoplasm but they lack life. 

(3) Nutrition and growth—Living beings require nutrition or food 

. Which is used for building the body and repairing worn-out parts, 
and also for supplying energy for their vital activities. Constant 
nutrition forms new protoplasm which results in growth or an increase 
in Size and weight? In growth, formation of new parts occurs within 
or between older ones, and the food taken in for growth is different 
from the living protoplasm it forms. In non-living matter there is no 
need for nutrition though a non-iving body such as a motor car E 
requires fuel for its energy. If growth occurs in a non-living object, 7 
such as a crystal, it is due to the addition of materjal on the outside, * 
this material is chemically the same as the non-living object. H - 

(4) Excretion—Certain compounds of nitrogen, water, andcarbor —— - 
“dioxide are constantly formed in the living body, they are called: 
excrétory products; they are not needed and may even be harmful, 
consequently they have to be got rid of; the climination of nitro- 
genous wastes is called excretion. But excretion does not include 5 ‚Че 
faeces because it was never a living part of the body. No excretion: 3! 
occurs in non-living substances, 

^ (5) Release of energy—All living organisms need energy for work. | 
The energy comes from the break-down of a chemical called adeno- ; — P 
sine triphosphate (ATP) into its diphosphate form (ADP). Energy? и 
is required to convert ADP into ATP. This energy comes from the 


^ 
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oxidation of food, chiefly sugar. Oxygen is breathed in trom air or 
water and utilized in the living body. The oxygen then forms waste 
CO, which is eliminated from the body. Several complex chemical 
changes take place in the production of usable energy by oxidation of 


food. Steps from breathing in of oxygen to the release of epergy 


and the restoration of АТР are put into one word, the respiration. 
There is no respiration in non-living objects. 


(6) Metabolism—Various vital chemical changes take place 
constantly in living organisms, these changes are collectively called 
metabolism. In metabolism organic substances are changed into 
new organic substances which replace old parts and build the body, 
but through all these ceaseless changes-the animal remains more 
or less the same, though its protoplasm is being constantly broken 
down and then made anew. Organisms take in food and oxygen to 
form molecules of protoplasm, this constructive process is called 
anabolism in which chemical energy is stored as potential energy. Then 
the molecules of protoplasm are broken down to change potential 
energy into kinetic energy which is used for carrying on locomotion 
and various vital activities of the organism, at the same time waste 
substances such as urea, salts, water, and CO, are produced; this 
breaking down process is called katabolism (or catabolism) in which 
loss of weight, fatigue, hunger, and thirst result. There is no meta- 
bolism in non-living substances; if they show locomotion, the energy 
comes from an external source. em 

If an organism is to live, both anabolism and katabolism must 
go on. If anabolism exceeds katabolism, growth takes place in.the 
young, but during adult life excess anabolism is used for producing 
sex cells; in old age katabolism overtakes anabolism which eventually 


eresults in death. 
— (7) Hritability—Living organisms react to changes in their ez- 
vironment. The environment may be terrestrial, aquatic, aerial, or 
parasitic. Any change in the environment to which an organism 
responds is called a stimulus, and the capacity of an organism to 
react to stimuli cónstitutes its irritability. The stimuli may be external 
(such as heat, light, chemical substances, pressure or gravity), or they 
may be internal (such as hunger, thirst, pain). Irritability is a fun- 


- damental property of protoplasm, it is not found in non-living - 


— . substances. 
(8) Reproduction—Each living organism has the ability to dupli- - 


` cate it self or produce new individuals resembling it in all essential 
«CCO. Vasishtha Tripathi Collection. Digitized by eGangotri | 
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features. Reproduction is a unique property possessed only by the 
living, and they reproduce-by using their own body material. The 
methods of reproduction are many and varied, but all of them main- 
tain a continuity of the race. Nop-living substances cannot reproduce. 
(9) Adaptation to environment— Every living organism fits 
itself to its surroundings, or it is adapted to the conditions of life 
called the environment. This perfect adaptation fits a living organ- 
ism to procure food, protect itself, and rear its young ones, But 
the envifonment may not remain constant for long periods of time, 


n-living objects may or may 
A star may be adapted to 
elf to any changed conditions 


(10) Aging and death : Every living system is Subject to aging 
after a certain length of time. As described earlier, a time comes 
when katabolism takes Over anabolism, in other words, there is more 
Wear and tear than growth and repair, body's resistance to stresses and 


strains weaken and there develop cracks in the body's defences against 
disease and foreign bodies. Overall effect of 


5 these weaknesses causes 
aging and eventual death. - 

In composition and essentials of ] 
many common phenomena, yet they have differences, 
the branch of Biology which deals with the study o 
called Zoology (zoon —animal) or Animal Biology, and the branch 
dealing with plants is termed Botany. A third subdiyision of Biology 


known as Microbiology embraces that vast assembly of micro; 


either the anima 
Ñ orld or the world of plants. Within this frame of undefined boundaries 


come such organisms as the bacteria and viruses, making up important 
disciplines of biology, known as Bacteriology and Virology respectively. 

Biochemical studies are showing us that in many respects the 
traditional division of Biology into Botany and Zoology is an un- 
natural one. At the chemical level animal and plants cells are re- 
markably similar. Transmission of hereditary characters from parents 
to offspring is basically the same in plants and animals, studies on 
the structure and properties of molecules found in the plantcand 
animal cells have shown remarkable identity in their actions and results, 
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o Interdependence of Plants and Animals 

Plants and animals, the two forms of life, depend upon each 
other and also upon the non-living environment: The life on earth, 
including the plants and animals, the environment of non-living 
bodies such as land, water or air, the relationship of one individual 
with the other or with the life around, the interaction of living and 
non-living things, all summed up make what we mean by the term 
Biosphere, meaning “the world of life’, In fact no Species is comp- 
lete in itself. Green plants, and some green animals too, enjoy a 
unique position in the living world. They are the prime producers, 
for they possess the machinery with which they can lock the sun’s 
radiant energy into foodstuffs. The process is known as photosyn- 
thesis or carbon assimilation. 

6 CO, + 68,0 2E 9*9 6 0, Сн 0, 
(Energy-rich glucose) 

The energy that makes the living system work comes from the sun. 
It follows many pathways, but bit by bit it leaks out of the living 
system in a form that cannot be recaptured. Life is thus dependent 
upon the steady input of energy from sun. On the other hand, the 
materials of living things are of this earth, and are used again and 
again. The pathways of materials are circular, bending back on them- 
selves in cycle, which is described in the next few pages of this book. 

The organic foodstuff that the producers synthesize is not only 
used by the green plants for their own growth and reproduction, but 
is also the basic source of energy and material for all other fiving 
things. The energy locked in the foodstuff isa sort of ‘ability to 
produce activity. We know a car is activated with petrol; petrol 
itself is not active but the activity of the car is derived from it. Such 
locked energy or ábility to produce activity is termed potential energy. 
Fhe energy of activity itself is called kinetic energy or the moving 
energy. A substance that can yield activity when it changes chemically 
is said to contain a special form of potential energy known as 
chemical energy. The potato and the egg contain chemical energy, 
which we are able to use in our life activities. Oxygen, a by- 
product of photosynthesis, is essential for almost all organisms, green 
plants, non-green plants and animals and for the chemical processes 
(respiration) that unlock the stored or potential energy of the food- 
stuffs. Thus the animals, in contrast to the producer-plants, are the 
prime consumers. They are, in a way, parasites of green plants 
direefly or indirectly. For instance, the herbivorous animals such as 
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sheep or rabbit feed directly upon plants, carnivores, such as lions 
and tigers, depend upon rabbit and sheep. The sheep and rabbit are, 


^ 


| Photosynthesis | 


^ 


Chlorophyll 


Light 
6CO,+6H.O4 energy comme 60.+C,H,,0, 


eub b Glucose Ҹ 
Эт ГА а Y 
чт (energy rich) ү 


Enzymes in Chemical 
C,H,.0, + 60. ор аак 6CO, + 6H,O+ energy 
and mitochondria 


ATP 
Biosynthesis Energy 
HEAT -P 
MUSCULAR +P 
ADP 


CONTRACTION 


Fig. 1 The Energy cycle. A 
thus, primary consumers, while lions and tigers are secondary consu- 
mers. Consumers may be of still higher levels; for instance the 
kimos of Greenland or Siberia feed upon the flesh of polar bears, 
which consume seals, which consume big fish; the big fish consume 
small fish, which depend upon micro-organisms in the sea that produce 
food by means of photosynthesis. 

The chemical energy unlocked from the food is used to maintain 
the ATP-ADP cycle [for details see Chapter 35], for muscular activity 
and for building up the living matter (Biosynthesis—Chapter 5). 

A wider Concept of interdependence of plants, animals and the 
non-living environment is best illustrated by the phosphate cycle, 
carbon-hydrogen-oxygen cycle and the nitrogen cycle. г> 
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(A) Phosphate cycle—The end-product of photosynthesis is 
glucose. Green plants are thus the natural first source of glucose... ` 
Animals need proteins and fats besides glucose. , Wherefrom animals 
get proteins and fats? These too come from the same source. 
Green plants take phosphorus and nitrogen in the form of salts from 
the soil and combine them with glucose to produce proteins, fats and 
other carbohydrates. The bacteria and fungi take active part in these — 
transformations as decomposers. They act upon the dead bodies of ` 
animals (consumers) and plants (producers) and also upon the animal 


a 
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Plant : 
= ) 


BACTERIA AND FUNGI 
E 


9 phosphoric 
acid 
Phosphates eo 
in soil water 


Fig. 2 The Phosphate cycle. 


б 
implify, step by step, 
t h as faeces. Slowly the decomposers simp: 
is eed constituents of dead matter and release phosphates and 
phosphoric acid. These compounds and the propia Ыш шщ 
f animals pass down into the soil water. ucers make u 
Bes} menage for building up complex foodstuffs. Phosphates in the 
soil are also derived from erosion of phosphate-containing rocks. | 
(В) Carbon-hydrogen-oxygen cycle—Carbon is ап important ^ 
constituent of carbohydrates, proteins, fats and a large number of 
organic compounds. Wherefrom this carbon is obtained by the pro- 


* 
= 


CCO: Vasishtha Tripathi Collection. Digitized by eGangotri _ 


8 a a ANIMAL BIOLOGY 


ducers? Carbon dioxide of the atmosphere and that dissolved in the 
natural waters are the main sources. Green plants hate the ability 
to make use of carbon dioxide and combine it with water to make 
carbohydrates. In doing so the green plants lock the radiant energy 
of the sun in the synthesized food. It is this energy which all living 
things use for their own activities. The oxygen set free in photosyn- . 
thesis is used by most of the living things—the plants and animals, thus: 
C,H4,0, + 60, — 6CO, + 6H,O -+ Free Energy 
(with locked energy) 


The Water eventually goes down into the soil in some way or the 
other for the use of plants. 


Imagine what will happen if all the CO, of the atmosphere and 


AM ist 0 
6, CONSUMERS A 


e 
J] 


Faeces CAR 
Us L| tion 
nimal 
| * J 


BACTERIA &FÜNGI 
(DECOMPO 


SERS) 


LES 


CARBON DIOXIDE(CO,) 
OF ATMOSPHERE, 

. AND WATER 

(9,0) IN SOIL 


Fig. $ The Gcochemical Carbon-Hydrogen-Oxygen cycle. 
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natural waters is used up by the producers! The atmosphere and 
= natural waters must be replenished with CO,. Most of the CO, 
is returned to atmosphere and natural waters by plant and animal 
respiration. Decomposers such as bacteria and fungi also help in 
returning CO, to atmosphere and water into the soil by acting chemi- 
cally upon the dead remains of animals and plants and their wastes 
such as faeces and urine. 3 
(С) Nitrogen Cycle—Nitrogen is a constituent of proteins and 
nucleic acids. Green plants are able to combine nitrogen with synthe- 
sized carbohydrates to make proteins and nucleic acids. How do the 
= plants get this nitrogen? Though 4/5ths of the atmospheric air is pure 
nitrogen, yet green plants cannot make use of this nitrogen as such. 
Their source of nitrogen is the nitrogen salts of the soil. How is the 
soil replenished with nitrogen salts? It is in the following ways:— 
(i) Green plants synthesize proteins, animals get them directly 
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or indirectly from plants. Proteins are hydrolyzed to, simpler com- 
pounds called amino-acids, which are used to make protoplasm. 
Excess amino acids.are broken down into ammonia or converted 
into nitrogenous compounds as urea and uric acid and put out as 
excretory products (urine). Faeces, urine, dead plants and animals, 
fall to the ground and get decomposed by the *decomposers'. Their 
nitrogenous compounds finally reach the soil and ammonia escapes 
into the atmosphere. € 

(il) The decomposers such as some special bacteria and fungi 
in the Soil set out to convert the useless animal wastes into useful 
compounds ‘which the plants can use to make proteins and nucleic 
acids. The first product of bacterial break-down is ammonia (NH;). 
Some of it escapes into the atmosphere, some is converted into soluble 
ammonium compound, which readily ionizes. Some green plants 
can use these ions immediately. 2 

(ШТ) There are nitrifying bacteria in the soil which oxidize ammo- 

«nium ions into water and nitrites. Some other bacteria oxidize nitrites 
into nitrates. It is these nitrates in the soil water that are taken up 
by the green plants for building up proteins and nucleic acids. 

(iv) There is yet another way by which atmospheric nitrogen 
is made available to the plants (producers). There are nitrogen- 
fixing bacteria and algae in the soil and in the root nodules of legu- 
minous plants. These decomposers use atmospheric nitrogen іп 
their own metabolism and convert it into nitrates. Nitrates dissolve 
in soil water and reach the plants (producers). 

(У) Lastly there are denitrifying bacteria in the soil which convert 
some of the nitrates into nitrites, nitrites into ‘ammonia, and ammonia 
into nitrogen. In this way the atmosphere, at the same time, is 
replenished with free nitrogen. 

Disciplines of Animal Biology 

The facts about animals and the methods of studying them are sé 
numerous that it is necessary and convenient to divide Animal Biology 
into a number of disciplines or fields of study, some of these are :— 

1. Morphology, it deals with the form and structure of animals. 
It comprises several branches :— 

(a) Anatomy, it deals with the structures visible to the unaided 
eyes, such as in the dissection of animals. 
= (b) Histology, it is the study of finer details of structure of 
organs and tissues with the help of a microscope. 


(c) Cytology, it is the detailed study of structures and 
functions of- cells. 7 
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(d) Embryology, it is the study of formation, growth and 
development of a new individual generally from an egg.. 
. 2. Physiology, it is the study of working and functions of organs 
within an animal. д 
3. Ecology, it is the study of relations of living things to their 
environment. : 
4. Taxonomy, it is the study of laws and principles of a natural 
classification of animals. e f^ 
5. Evolution, it is the study of origin, differentiation, and inter- 
relationships of animals of the present day and past ages. — е 
6. Genetics, it is the study which accounts for resemblances and 
differences in the offspring due to variations in germ cells, and 
the mechanism of passing of these characters from one generation 
to the next. ` 2 
7. Molecular Biology, the study of living things in terms of Physics 
and Chemistry of the molecules making up the living matter is called 
the Molecular Biology. 3 : 
8. Radiation Biology, since the first use of atomic bomb by U.S.A. 


on Japan in August 1945, investigations on the effects of invisible 


and radiations on the living organisms has become an important 


rays discipline of biology. Besides the use of radiations as a weapon 
in wars, many beneficial uses of radiations have been discovered, 
specially in plant breeding and creating new varieties of seeds. 

9. Space Biology, thc newest of biological sciences deals with the 
space travel and its problems affecting the man and other organisms 
vn planets other than the earth; chief of which are concerned, with 
respiration, food, environment and cosmic radiations. 

10. Toxicology—In factories and mines around the world, hun- 
dreds of thousands of workers are daily exposed to a large variety of 
toxic or poisonous substances that lead to deadly diseases as pneu- 
enoconiosis, silicosis, foetal disorders, paralysis and skin allergies. 
In textile industry workers constantly inhale cotton dust, in a flour 
mill workers constantly inhale flour dust which is suspected to cause 
dermatitis and tuberculosis, asbestos dust in asbestos workshops 
causes lesions in the lungs, pesticides used in the storage of grains 
are known to cause serious diseases in the consumers; silica ns In 
the factories making bangles and other glass-wares aus Шо 
Laboratory assistants contacting formalin-preserved animal e ор 
serious skin diseases. At the petrol filling stations, the чо i inhale 
large quantities of benzenc—? constituent of. petrol, w с Е 
hea¢ache, giddiness, fatigue and sleeplessness to some of them it 
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least. These and many other toxic substances taken;or contacted 


by Man and his useful animals knowingly or unknowingly, are now 
looked by biologists:who not only investigate the cause of toxicity but 
also devise ways to fight the toxicity. Recently, this discipline of 
Biology has taken a high place in the upliftment of mankind. 
Industrial Toxicology Research Centre established in 1965 in Lucknow 
(India) is doing a great service in this field. 

Some of the important interdisciplinary Biological sciences are 
Protozoology (of Protozoa), Limnology (of fresh water pond commu- 
nity), Helminthology (of flat worms and round worms), Entomo- 
logy (of insects), Malacology or Сопсһоіову (of snails), Ichthyology 
(of fishes), Carcinology (of Crustacea), Herpetology (of Amphibia and 
Reptilia), Ornithology (of birds) and Parasitology (of parasites). 

Value of Animal Biology К 

The study of Animal Biology has enabled man to recognize the 
unity of all living beings, and to determine his own place in nature. 
It shows a gradual but continuous process of changes in which the 
more complex forms have been evolved from the simpler forms of life. 
Practical value of Animal Biology is very great; it forms the basis of 
medicinal therapy, toxicological research, surgery, dentistry, veterinary 
science, zoological teaching and research, dietetics and agriculture. 

Many dreaded human diseases are of animal origin; some are 
caused directly Бу „етш, and others are transmitted by animals. 
Medicines are first tested on animals before using them for human 
treatment. Experiments on animals have given us much of our 
knowledge of physiology and surgery. Diseases of agricultural crops 
may be caused by insects and roundworms, though some animals are 
beneficial—such as silk-worm, honey-bee and lac-worm. 

Animals are most useful to man because of their value as food; 
these include lobsters, crabs, shrimps, fish, birds and several с 
mammals. Besides these we use articles which are animal products; 
among, these are sponges, corals, pearls, honey, beeswax, silk, tortoise. 
shell, fur and leather. What we know about heredity and its appli- 
cation to crops, domestic animals and the human race, has been 
learnt from the study of animals. 

Our approach 
Consider all the kinds of animals and plants you can recollect in 
10 km area around your school or home. Many of them, you 
Probably know by name, Many others you probably know in a 


^a 


.  Beneral way without being able to name them. Many exist qtite 
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unknown to you. Some are present only because man has transpor- 


ted them to this area for a useful purpose, others have simply followed  . 


their masters or dependants, . The total world of life in a given 

area is termed its biota. ТЕ is neither possible to. present the entire 

biota in this book, noris it possible for youto learn about.them 

all in a period of 2 or 3 years. It is, therefore, desirable to select some 

of the familiar forms of4ife. Since this book is essentially aimed 

atthe biology of animals, the types of animals contained herein are 

the ones which give us a basis of understanding the vast mysteries 

of animal structure, function, patterns of life, habits, ways, econo- 

mics and interrelationships. 

Questions : З 

1. Of the several properties of living things, which you think 15 
most vital ? Why ? 

2. What is the relation between metabolism and growth of an 
organism ? i j 

3. Differentiate between potential and kinetic energy- 

4. What is the role of decomposers in the nitrogen cycle ? 

5. Identify between nitrifying and denitrifying bacteria. 

6. Which of these are the disciplines of Morphology ? 

Histology, Ecology, Cytology, Space Biology. 
Which of these deals with frogs and lizards ? 


ч Ichthyology, Entomology, Herpetology, and Helminthology. 
8. Enumerate five modern and important disciplines of Biology, 
9. Producers of biotic community are— 
(a) green plants*, (b) all plants, 
(c) all animals, * (d) all organisms. 


10, Form of energy locked in the glucose molecule is— 


(a) radiant energy, 

(b) chemical energy, ge: 
ә (с) chemical and heat energy, 

(d) electrical energy». 

(e) nuclear energy. - "m с 
ll. Capability of trapping solar 

(a) all living matter, (b) all Шай 

(с) green plants, * (à) all apimals. 
12. The term ‘Biology’ was coined by— 

(a) Purkinje, ) 3 

(b) Lamarck and Treviranus; 


(c) Robert Hooke’ А in liquid Бу deia 
| Cryobiology / Dermato- 


13. .Study of preservation of dea 
а iP Uroblology | Chondrology 
biolosy* (СРМТ—1988). 
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CHAPTER 2 


; E INDIAN BULLFROG— 


dq ate “Rana tigerina | 

We begin the study of Animal Biology with the familiar frog 
because it is easily available in plenty and is of a convenient size. 
It can be kept alive in the laboratory for a couple of days without 
much attention. It is harmless even when used alive. The beginner 
can learn to dissect and understand the various systems of an animal 
which have many features in common with man. The study of frog 
can give an idea of a very large number of animals. 

Learning the names of animals and plants is the first step in the study 
of Biology. A definite principle underlies in naming the plants and ` 
animals and is governed by the International Board of Nomenclature. 
All such names, which we shall come across, are international names. 
The most common kind of frog we get in India is the Rana tigerina. 

Giving two names to animals and plants was first devised by Bauhin 
(1619). Linnaeus (1707-78), a Swedish biologist, improved upon 
Bauhin's binomial system of naming plants and animals, called binomial 
nomenclature. With some modifications this system is still followed. 
In this system each plant or animal is given two names, the first name 
is the generic name or name of a genus which begins with a capital 
letter, the second name is the specific name or the name of a species 
usually written with a small letter. The word species is both singular 
and plural. A species may be defined as a closely resembling group of 
living organisms (though they may have small individual differences) 
which are derived from common ancestors and they can interbreed in 
nature to produce fertile offsprings. ‘In nature’ is to be emphasized 
because cases of different species crossing with each other are not un- 

*At a meeting of Commission of International Nomenclature of Animals Rana 
tigrina bas been renamed as Rana tigerina (Swan & Leviton 1962. Proc. Calf. Acad. 
Sci. 4 (32), 108—147) symbolizing tiger’s skin-like stripes on this species of indian 
frog. e 
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- common. Recently a cross between an ass and a zebra has produced : 


an offspring named zebroid. Similar products of lion and tiger are 
named ligers and tiglioris. Allsuch cases have never occurred ‘in nature’ 
and have been seen in captivity inside the zoos? Those species which 
have many common characters are placed in a genus. Both generic and 
specific hames are Latinized for international usage, they are always 


` printed in italics. Such a.system of naming an animal distinguishes it 


n frog, Rana is the name of the genus 
and tigerina of the species. Because of the large size of this species of 
frog, it is commonly called, ‘The Indian Bullfrog’. Another frog that 
‘shares the same habits and habita t is Indian water-skipping frog Rana 
cyanophlyctis; this is, however, smaller than the bullfrog and is immedia- 
tely recognized by its dark olive colour, warty skin, rounded snout, 
absence of the mid-dorsal yellow line and black-spotted skin of the 
underside. Other frogs of Indian subcontinent are Rana malabaricus, 
Cacopus and Rana limnocharis. Like the Latinized names of frogs, the 
Latinized name of the dog is Canis familiaris; of the cat is Felis domes- 
ticus; of the potato is Solanum tuberosum; and of the man is Homo sapiens. 


Life of a Frog—its environs 
The frog is a Vertebrate or back-boned animal and it belongs to 


Fig. 5 An Indian bullfrog—Rana tigerina, 


$ 
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the Class Amphibia (amphi —both, bios —life), it lives' both in water 
and on land. Animals living in two distinct environments for part of 
their lives are said to be amphibious. Frogs are cold-blooded or 
poikilofhermal or ectothermous, because their body temperature is not 
constant and fluctuates with the temperature of the environment. 
Frogs live in ponds, ditches, under Stones, and in marshy places. In 
Winter the temperature of a frog becomes yery low, its activities slow 
down considerably and it becomes sluggish when it can easily fall 
prey in the hands of its enemies. Before Such adverse situations 
actually arise, the frog digs down into damp earth at the bottom of 
pond and goes into winter sleep and rest which is called hibernation. 
In this condition it breathes through its moist skin, body temperature 
decreases and it does not feed but depends on its reserve food material 
which is mostly fat and glyco- EXTERNAL EYE 

gen. There is enough reserve 
food to suffice for the very 
slow working of the organs 
during this period. But its 
physiological activities are 
carried on. Similarly, during 
hot summer months it goes 
to sleep underground, the 
summer sleep is ‘known as 
gestivation in which also the 
life = processes are slowed 
down. The period of mode- 
rate activity for frogs is from 
February to middle April. water surface, 

They are most active in the rainy season which provides them 
sufficient place to live, sufficient food to energize their activities and. 
to reproduce, optimum temperature of 25-32°C, and plenty of lush 
green' vegetation and swollen ponds for protection and hunting food. 
Frog is carnivorous and feeds on insects, spiders, snails, fishes and 
smaller frogs. The frog has its natural enemies, such as snakes, 
mongoose, birds of prey, larger frogs and man. To escape the enemies 
on land it jumps into water and to escape from the enemies in water, 
it hops out on land and conceals itself in green vegetation, because 
its colour matches with the environment. When resting in water 
a frog floats with the head partially above the surface and the ^ind 
legs hanging down. The nostrils for breathing and the eyes to watch 
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a prey or an Enemy are kept above water. Its eyes are protected from 
water and dirt by a transparent curtain-like nictitating membrane. 
There are no ear-holes. Frog is a powerful swimmer. Biologists 
express the relation between climate, vegetatión, and animal life with 
the word biome. Biomes are major ecological groupings of orga- 
. nisms. The frogs live in tropical biome. 
The breeding period of a frog is from July to September. Frogs 
croak in the nights till next morning during the breeding season, but 
also at other times of the year 
in the night when the atmos- 
phere becomes damp. Only 
male frogs croak, females speak 
Fig. 7 Tadpole of frog. seldom. Croaking by a male 
-frog is an invitation to the female frogs for pairing or mating. Presence 
of an intruder such as Man in the vicinity of the breeding ground, 
immediately puts a stop on croaking and frogs become alert. After 
mating, the: female frog lays eggs in water, eggs are fertilized by the 
male frog. In aboüt 12 hours a tadpole larva hatches from each 
‚ gg. The tadpole larva is about 7 mm long and it is fish-like with 
a tail for swimming, it has three pairs of feathery external gills for 
breathing. The tadpole begins to undergo many changes in which 
some of its organs are lost and others undergo modifications to form 
the organs of the adult. Al these changes are ‘collectively spoken 
of as metamorphosis which change a tadpole into a young БоБ | S 
External features of frog 
The boat-shaped body of frog is streamlined for swimming. The 
body may be divided into a head and a trunk, there being no neck. 
Head—The head is triangular with a blunt snout. On top of 
the head is a pair of large bulging eyes, their position enables the 
. "frog to see all around. The eyes can be pulled into orbits and the 
- eyelids drawn nearer to close the eyes. Each eye has a thick uppef 
and a thin lower eyelid, the lower eyelid is more movable than the 
upper. The upper part of the lower eyelid is modified into a trans- 
' parent fold called nictitating membrane. When the eye is bulging out, 
_ the nictitating membrane is folded inside the opaque part of the lower 
eyelid. This membrane protects the eye and is pulled over the eyeball . 
when the frog is in water or under the earth, and the frog can see - 


go through it. In the middle, just in front of the eyes, is a light-coloured 


patch, the brow spot. The brow spot is joined to the brain in the A 
embryo}, and is said to represent a third eye which was Present in 
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the ancestors of frogs. Behind each eye is a flat circular patch of 
skin called the tympanic membrane, under, which lies the ear. On 
the tip of the snout is a 
pair of nostrils or external 
narcs (singular—naris) through 
which the frog breathes air into 
its lungs. The mouth is very 
large extending from one side 
of the head to the other, and 
has thin immovable lips. On 
the throat is a pair of bluish 
wrinkled patches of skin called NICTITATING 
yocal sacs present only in male 
frogs; they are used as Teso- 
nators for intensifying the croaking sounds. | 
— ‘Trunk—The trunk is short with a hump at its hind upper part. 
` There are two pairs of limbs, a pair of short fore legs to hold up 
- the front part of the body, and a pair of long powerful hind legs. 
Each fore limb has an upper arm, a fore arm, and a hand, 
the hand has a wrist, a palm and four digits. The hind limb} are 
folded when at rest; they are used for locomotion on land and in 
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Fig. 8 External features of frog. 
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E each i an upper thigh, a middle shank, and a lower foot: the 
oot nas an ankle, a sole and five digits; igi joi 

by -asfold OF LIE Л | ei the digits are joined together 
called web which 
makes the foot an 
efficient organ for 
swimming. At the 
end of the trunk, 
between the hind 
legs, is the cloacal 
aperture through vocar sac 
which wastes such . 

as faeces and urine 

and also the sexual 

products pass out. 

Extending from the 

head to the end of Fig. 10 Inflated vocal sac in male frog. 
the trunk is a yellow mid-dorsal line. 


Skin—The skin is green above 
with blackish spots, it is yellow 
underneath. The skin is moist 
and slippery due to mucus pro- 
duced by the skin glands. The 
skin, covers the body loosely, it 
is attached only atcertain-places 
to the underlying muscles, con- 
sequeritly on either side of the 
mid-dorsal line are long wrinkles 


called dermal plicae. 
Fig. 11 A—Hand ofa male frog showing copulatory pad. z 
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* — B—Foot of a frog showing articular pads and Web, — — —— 
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. *In the male frog the undersurface of the first digit of each hand 
has a deeply-coloured swelling called a copulatory or amplexusory 
pad, which is especially well developed during the breeding season. 
Smaller knot-like thickenings are also present below the joints of all 
digits of the hand and the foot, these are articular pads formed pro- 
bably due to friction. 


Symmetry 

Thé shape of an animal may show any of the following types of 
symmetry: 

(1) Bilateral symmetry—An animal is bilaterally symmetrical 
if it has two equal but opposite right and left halves when it is cut 
lengthwise in the middle vertical plane. Most animals show bilateral 
symmetry externally, though this symmetry may not be found in the 
internal structures, e.g. a frog. | 


BILATERAL SYMMETRY RADIAL SYMMETRY ASYMMETRY 
Fig. 12 Various types of symmetry. 


(2) Radial symmetry—If an animal is viewed from either end, 
it will be symmetrical with respect to any plane passing through its 
longitudinal axis, and a plane passing longitudinally through any 

_diameter will divide the body into equal halves, e.g. Hydra shows a 
radial symmetry. 

(3) Asymmetry—An animal, which is not divisible into two equal 
and similar parts, is asymmetrical, such as a snail. 

In describing an animal or an organ certain terms are used to 
describe the relative position of its parts. Anterior is that part 
which is in front during locomotion and the opposite end is posterior, 
the part which remains upwards is dorsal and the part which is 


*Note—Astronomical symbols are used in Biology to denote sexes, 
such as с for male, О for female, and У for a hermaphrodite (having 
both male and female organs in the same individual). . 
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Fig. 13 Various types of planes of sections. 
below or towards the substratum is ventral, the structures which are 
towards right or left side are lateral. 

In studying the details of an animal it is necessary to cut it or its 
parts along the following planes to make sections or thin slices which 
are cut through twice along the same plane. 

A transverse section is a thin slice cut across the long axis of an 
object. 

A longitudinal section is a thin slice taken through or along the 
long axis, it may be cut vertically or horizontally. 

A sagittal section is cut only once across the transverse or longi- 
tudinal plane and it exposes the cut surface. 


Questions 


Differentiate between Biome and Biosphere. 

Name any two species of Indian frogs. 

Define ‘Amphibia’. 

How can you locate the habitat of frogs from a distance ? 
What is meant by ‘binomial nomenclature’ ? 
What is the correct number of : 

(a) fingers and toes in each limb of frog ? 
(b) eyelids in frog ? 

(c) tympanum in frog ? 

(d) vocal sac in frog ? 

7. Describe the everyday life of a frog. 
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_COELOM AND VISCERA 


Backboned animals are always cut open from the ventral side. 
On opening a frog from the ventral side one finds a large and 
spacious cavity which contains various internal organs. This is the 
body cavity and a part of the coelom; it contains many organs such as 
the digestive tube, liver, lungs, heart, spleen, urinary and reproductive 
organs. An organ is an organized part of the body which performs 
one or more special functions. Several organs are found in the 
coelom and are collectively called the viscera. In a frog, part of the 
coelom surrounding the heart is separated from the main cavity 
by a transverse septum to form a pericardial cavity. Thus the coelom 
has two parts—a pericardial cavity enclosing the heart, and a large 
abdominal or pleuroperitoneal cavity containing the rest of the viscera. 
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Fig. 14 Coelomic cavities in frog. f 
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The coelom is lined by a thin outer membrane, the parietal peritoneum, 
which also spreads over and covers the viscera where it is known 
as the visceral peritoneum. The peritoneum forms a double fold mid- 
dorsally, with connective tissue and blood vessels between the folds, 
this double fold is called a mesentery by which the alimentary canal 
is suspended from the dorsal body wall. Some of the mesenteries are 


modified toform omenta (singular—omentum), which bring about the 


6 
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Fig. 15 Diagrammatic T.S. of frog гоц trunk. 


attachment of the organs of the viscera. Omenta and mesenteries are 
elastic membranes which allow some displacement of the organs when 
necessary. The coelom contains a slimy colourless coelomic fluid, this 
fluid keeps the surface of the internal organs moist and slimy so that the 
organs can slide easily over one another without friction or injury. 
e Viscera. 

ses a conical heart which is of deep red 
toneum of the pericardial cavity is valled 
pericardial membrane, it loosely bounds the heart. Between the peri- 
cardial membrane and the heart is a colourless coelomic fluid or 
pericardial fluid. Just behind the pericardial cavity are two large 
chocolate-coloured lobes of the liver. The left lobe of the liver is 
slightly bigger than the: right, jt is divided into two. The liver is 
suspended by a mesentery. Between the lobes of the liver isa spherical 
darh green-coloured bag, the gall bladder, it is a reservoir of bile fluid 


Pericardial cavity enclo: 
colour. The coelomic peri 
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secreted by the liver. The bile is carried from the gall bjadder to the 
duodenum (a part of the digestive tube) by a bile duct. 

Dorsal to the liver is a pair of thin membranous reddish-coloured 
bags filled with air, these are the lungs by which the frog breathes air. 
Below the liver is a white tubular stomach. At oneend the stomach 
leads into an oesophagus which opens in the mouth cavity by a 

* gullet. Oesophagus is very small in frog because there is no neck. 
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Fig. 16 Coelom and viscera of a female frog. 
(Oviduct and fat-body shown on спе side only.) fi 
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Behind the stomach the digestive tube narrows and forms а ‘U’ with 
the stomach, this tube is called duodenum. The pancreas is an 
irregular and elongated body lying in the mesentery between the 
stomach and duodenum. The bile duct passes through the pancreas 
where a few small pancreatic ducts join the bile duct to make a 
common bile duct or hepato-pancreatic duct. Beyond the duodenum 
the digestive tube forms several coils which constitute the ileum. The 
duodenum and ileum together constitute the small intestine. Following 
the ileum is a wider part of the digestive tube called rectum or the large 
intestine. The rectum leads into a small space or cloaca which finally 
opens externally by the cloacal aperture. The entire tube from the 
gullet to the cloacal aperture is called the alimentary canal, this together 
with the associated glands, such as the liver and pancreas, constitutes 
the digestive system. 

Lying close to the digestive tube are two more structures, a red- 
coloured spherical spleen attached to the mesentery between the 
ileum and the rectum, and ‘a bilobed thin-walled urinary bladder. 
containing pale-coloured urine and opening into the cloaca. 


After displacing the alimentary canal to one side, a pair of elon- 
gated dark red kidneys are seen. Kidneys eliminate nitrogenous 
wastes from the body by formation of urine which flows into urinary 
ducts or ureters which lead from the kidneys to the cloaca where 
it collects in the urinary bladder before being finaily discharged from 
the cloacal aperture. Lying on the ventral surface of each kidney is 
а yellow-coloured elongated glandular structure called adrenal g:and. 

In the male frog there is a pair of ovoid yellow-coloured compact 
testes (singular—testis) lying adjacent to the anterior part of the 
kidneys. A. mesentery, called mesorchium, holds the testes in place. 
Testes manufacture spermatozoa—the tiny motile male sex cells. 
Spermatozoa and urine both pass to the outside through the ureter 
which is thus a urogenital duct. In front of the testes are long 
finger-like branched yellow-coloured fat bodies (corpora adiposa). 

In a female frog there is a pair of ovaries (singular —оуагу) which 
become large and dark-coloured during the breeding season. A 
mesentery, called mesovarium, suspends each ovary from the dorsal wall 
of the body. Ovaries produce the female sex cells, the ova. 

There are two thick, white, coiled tubes, the oviducts, which open 
into the cloaca. The terminal part of each oviduct dilates into an 
ovisic. Oviducts transport eggs to the exterior. 
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Lying outside the coelom, yet visible in а dissected frog, is а hard 
bony vertebral column or backbone consisting of several small pieces of 3 
bones called vertebrae. Arising from the sides of vertebral column are 
white thread-like spinal nerves. On the sides of the vertebrae are shining 
white glandular bodies called glands of Swammerdam or calcareous 
bodies; they are lymphatic in origin and are reserve supplies of calcium. 


Questions © 


1. . Indicate the correct location of : 
(a) gall bladder. 
(b) urinary bladder. E 
(c) spleen. 
(d) adrenal glands. 
(c) mesorchium. 
(f) glands of Swammerdam in frog. 
2. Differentiate between : 
(a) mesorchium and mesovarium: 
(b) oviduct and urogenital duct. 
(c) cloaca and rectum. 
(d) the two peritoneal membranes. | 
(е) duodenum and ileum. ' 


3. What is coelom ? Describe the organs in the body cavity of a | 
female frog. . 
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In the following chapters we shall be entering the fascinating 
world of life that our unaided eyes cannot see and the brain cannot 
understand. The smallest things that we can see with our eyes without 
using an instrument, are possibly the dust particles in a beam of light 
shining in a darkened room. These particles may be as small as 1 pin 


diameter (15,—1 шїсгоп==+-060 mm). Ordinarily, particles smaller 
than 100, are not visible under normal light conditions. The cells, of 
which most of the living things are made, have diameters of less than 
100,,. Therefore to see the cells, understand their structure, their func- 
tions and behaviour, we have to take the help of an important tool call- 
ed microscope. Better the microscope, the better can be our know- 
ledge of cells. Scientists, today, are discovering, designing and inven- 


ting new advanced tools, instruments and techniques to extract deeper _ 


information of the living substances and the life processes. Some 
of the common microscopes used in study and research are briefly 
described below. 

5 1. The Stereoscopic dissecting microscope—This microscope is 
suitable for the study of opaque objects, for low-power work and 
for dissection or observation of objects too large to be seen as a 
whole in the compound microscope even at its lowest power. The 
magnification powers of dissecting microscopes vary from 4x to 40x 
or even 60x. Stereoscopic microscope has two objectives and two 
oculars (eyepieces). This construction makes the image of the 
Object 3-dimensional, when seen with both eyes at the same time. 


The object in this microscope is seen in reflected light, just as ш ` 


fallifig en the book that you are reading. 
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Fig. 17 Stereoscopic binocular microscope. 
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2. The sfadent’s compound microscope—This is the most common- 
ly used microscope. It has a single eyepiece but 2 or 3 objectives. 
The object is seen by transmitted light, i.e. by the light coming from 
behind and through the object. Eyepieces*used in a compound 
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Fig. 18 The student's compound microscope. 

e magnifications ranging from 5x to 8x, 10x or 
f 10x or 40x, Compound microscope is meant 
semitransparent or transluscent objects, 
thin slices cut out from the object. 


microscope are of th 
15x, with objectives o 
to examine and study small, 

either entire or in parts or Ш 


More powerful microscopes with eyepieces and оо] „160612 
roi a dous can be made, but there is a limit to it. The limiting 
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factor is not man's inability to build a better microstope, but the 
nature of light itself. Quality of a microscope depends not only upon 
its magnifying power, but also and equally on its resolving power. 
It is the power to see Separate images of objects that fall very close 
together on the eye. Any two images closer than a distance of 100p 
cannot be distinguished as two distinct images by our eyes. The 
ability to distinguish two close images as two distinctly separate 
images is known as resolving power. This can be understood by 
recalling a simple experience. The headlights of a car approaching at 
night from a long distance appear as one. Even in a camera picture 
the headlights will appear as one, no matter the picture is enlarged 
ten times, because the negative will have only one light to print. A 
good telescope with its lens power ten times more than that of our 
eye-lens or the lens of the camera will surely show two headlights 
though the car is approching from a.very long distance. 

Keeping in view the limitations of resolving power, microscopes 
with higher resolutions were designed for better results. By the end 
of 19th century the maximum resolution was achieved in the Research 
compound light-microscopes. 

3. Phase-contrast Microscope—This advancement in microscopy 
is quite recent. It was first produced in the Netherlands by Fritz 
Zernike in 1935. This complicated optical instrument has a resolu- 
tion no better than ordinary compound light-microscope because 
ordinary light is used in phase-contrast microscope also. This 
microscope gets its name from the fact that various parts of the living 
cell stand out in sharp contrast because the phase of light is changed. 
The principle involved is that intensity or brightness is proportional 
to the square of its amplitude of light waves. When the light rays 
are parallel, their amplitudes are said to be in the same phase. How- 
ever, if they are proceeding at different angles, they are said to be 
out of phase. The great value of this microscope lies in the fact that 
with ‘its use transparent or nearly transparent structures, such as 
chromosomes and mitochondria in a living cell can be seen clearly. 
To see the same structures in a compound microscope, one has to kill 
the cell and stain the chromosomes or mitochondria. With phase- 
contrast microscopy combined with time-lapse photography conti- 
nuous processes, such as cell division and other cellular activities 
can be observed and photographed. 

4. The Electron microscope—Because of the limitations on{ the 
resolving powers of microscope using visible “light”, the only way of 
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increasing resolving power was not to use visible light, and use shorter 
wavelengths than those of visible light. Electrons, instead of visible 
light, are used to illuminate the object in an electron microscope. 
Streams of electrons are given off from a "heated wire placed in a 
cylindrical column from which nearly all the air has been removed. 
The high speed streams of electrons have the properties of waves, 
with a wavelength less than 0:01 my. Our eyes cannot see these 


PHOTO PLATE 


Fig. 19 Transmission Electron microscope. 


electrons but they can be detected and observed on fluorescent screens. 
Thus we can see, though indirectly, the image formed by the elec- 


‘trons. Same is the principle of T. V. tubes. 


The electrons, produced by the heated wire of the electron micros- 
cope, are negatively charged particles, hence can be deflected by 


strong electromagnets (comparable with the objectives) and focussed 
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conceived this idea in 1931. Since then there have бесп tremendous 
improvements in the electron microscope, a really good electron 
microscope was not produced before 1950. An electron microscope 
can have a resolving power 1000 times more than that of the light 
microscope. The magnification obtained in the electron microscope 
is as high as 500,000x, and the photomicrographs taken through this 
microscope can be enlarged to 1,000,000x,or more. Points no more 
than ten Angstrom units (one millionth of a miilimeter) apart can be 
resolved. With an electron microscope an object of the size of a pin- 
head can be enlarged without loss of details to the point at which it 
has a diameter about a kilometre. A cell with a diameter of 10 
micrometres is enlarged to a diameter of five metres. The organiza- 
tion in an individual cell as revealed by the electron microscope is 
known as its fine structure, or ultrastructure. 
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Fig. 20 Electron micrograph sample (8000 x). 


NUC-—nucleus with double nuclear membrane; SER—smooth endoplasmic 
reticulum; SEC. GRA—secretory granule (From Nigam, Ph. D thesis). 


There are certain limitations in the use of electron microscope too. 
Electrons fail to pass through solid material, therefore the object for 
the electron microscope has to be extremely thin. A thinslice of the 
object is deposited on an extremely fine layer of collodion (7:5 to 
15:0 т). The collodion film serves as a block-holder. If the 
thickness of the object is more than 500 mp or 0:5p, it will appear 
almost opaque. Since electrons pass through vacuum, the material 
to be observed must be absolutely moisture-free. This fact limits 
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the use of this microscope, only dehydrated materials can be used. 
A living cell cannot be observed in the electron microscope. Ernst 
Ruska shared the 1986 Nobel Prize for his pioneering work in the 
development of electron microscope during the past 55 years since 
it-was invented by him. Two other German physicists sharing with 
Ruska are Gerd Binnig and Heinrich Rohrer who devised the screen 
tunnel microscope which makes fractions of an atom visible and 
enabled scientists to probe the smallest particle of matter. In this 
microscope an electronic needle traces the surface of atoms and con- 
verts them into a 3-dimensional image. : 

Electron microscopes are installed at All India Institute of Medical 
Sciences, New Delhi; Central Drug Research Institute, Lucknow; 
National Botanic Research Institute, Lucknow; Botany Department, 
University of Lucknow; and Pathology Department of K. G. 
Medical College, Lucknow. 

Ghief advances in the improvement of the microscope :— 


First compound microscope ( Janssen 1590: Galileo 1610 ) 
Microscope with condenser (1635) 

Huygenian ocular (Huygens, 1660) 

Substage mirror (Hertzel, 1712) 

Achromatic lens (Dolland, 1757; Amici, 1812) 
Polarizing microscope (Talbot, 1834) 

Binocular microscope (Single objective with double oculars, Riddell, 1853) 
Water immersion objective (Amici, 1845) 

Oil immersion objective (Wenham, 1870) 

10. Compensating oculars (1886) n 
11.- Apochromatic objectives (1886) 

12. Iris diaphragm (Bausch and Lomb, 1887) 

13. Double objective binocular microscope (Greenough, 1892) 
14. Ultramicroscope (dark field) (Zsigmondy, 1900) 

15. Electron microscope (Knoll & Ruska, 1931) 

16. Phase contrast microscope (Zernicke, 1935) 

£7. Reflecting microscope (Burch, 1943) 

18. Fluorescence microscope (Coons, 1945) 

19. Screen tunnel microscope (Binnig and Rohrer—1980). 
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LIVING MATTER AND 
THE CELL 


Living things get their energy from the sun directly or indirectly. 
But they get their living matter from the earth. Organisms are made 
from the same materials that make up the rest of the world. The 
living matter (substance), first studied and named ‘sarcode’ by Dujardin 
in 1841, is called protoplasm; this is the physical and biological basis 
oflife and carries on the characteristic life activities of an organism, 
i.e. living beings. The sarcode was renamed protoplasm by a Czech 
Physiologist J. E. Purkinje in 1842. 


Chemical Properties of Protoplasm 


Although protoplasm is made up of several elements, yet it is not 
a compound but a mixture of a number of chemical compounds. 
Its exact chemical analysis has not been made. ' 

“lements—Protoplasm contains about 20 different elements which 
are found when the protoplasm of a variety of living things is analysed; 
among these only 12 elements are universally present, of which carbon, 
oxygen, hydrogen, and nitrogen are the most important; calcium, 
sodium, potassium, sulphur, phosphorus, iron, magnesium and chlorine 
are less common. Earl Frieden in 1972 found four more elements 
present in the living matter. These are fluorine, silicon, tin and vana- 
dium. C,H, O and N make up about 95% of protoplasm in which there 
is about 62% oxygen, 20% carbon, 10% hydrogen and 3% nitrogen. 
The other elements are about 597, they occur in fractions of less than 
1% but the small quantity of an element may be vital, e.g., iron in red 
blood corpuscles, phosphorus in nerve and reproductive cells. 

Compounds—Elements do not exist as such but are combined to 
form organic and inorganic compounds and water. Protoplasm contains 
hundreds of different kinds of organic constituents in the form of 
proteins, lipids, carbohydrates, and nucleic acids. Organic compounds 
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form the ограћіс basis of living matter, they. constitute about 3027-40 % 


of protoplasm. The inorganic compounds are water, gases and in- 


organic salts which comprise about 60%—70% of protoplasm. 

1. Proteiss—They are quite abundant anù constitute the frame- 
work of protoplasm, they are found only in protoplasm and nowhere 
‚ else in nature. Proteins form about 16% of protoplasm. Proteins 
are made of about 22 kinds of known amino acids which contain 
C, H, O, N and traces of S, P, Mg and Fe. Protein molecules are 
very large containing thousands of atoms, they coagulate on hgating. 
Proteins are broken down into amino acids which serve as bricks for 
building up protoplasm. The cells constantly make new proteins from 
amino acids. Common proteins are white of an egg (albumen), myosin 
of meat, and haemoglobin of blood. 

2. Carbohydrates—They constitute about 13% of protoplasm. 
They are made of C, H and O, in which H and O are in the same 
proportion as іп a molecule of water (H,O). Common carbohydrates 
are starch and sugar. When carbohydrates are broken down, they form 
glucose which is a source of energy. In animals glucose is reserved as 
glycogen (animal starch), glycogen can be reconverted into glucose for 
supplying energy when needed. Plants can form several carbohydrates 
from CO, and H,O in the presence of sunlight (carbon assimilation). 

3. Lipids or Fats—Fats and fat-like substances are called lipids. 
They are found in small quantities, except in special cells where fats 
are abundant. They are formed of C, H and O, but the amount 
of oxygen is small, they are often associated with phosphates and 
sulphates. Lipids are insoluble in water but are soluble in organic 
solvents like benzene and petrol. Lipids are broken down into fatty 
acids and glycerols, and they also supply some energy. They exist 
as stored food material as lard and oil, they also form wax, pigment, 
bile acids and sex hormones. Fats form the framework of bounding 
membranes of cells; thus they control the movements of substances in 
or out of protoplasm. Fats and carbohydrates can change into*each 
other. Carbohydrates and fats do not coagulate on heating. 

4. Enzymes—Enzymes are complex proteins, they are organic 
catalysts which bring about chemical reactions with great rapidity, 
but they themselves remain unchanged. Enzymes are destroyed 
by heating. The exact chemical nature of many enzymes is not 
known, but they are like complex proteins; they are found only in 
the living protoplasm and are present in very large numbers; a single 
cell may have over a thousand different kinds of enzymes, some 
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of which are secreted into the digestive tract and in the blood stream. 
Enzymes used in the digestion of food are called hydrolytic enzymes. 
A number of enzymes bring about the release of chemical energy 
from the food, these sre collectively known as respiratory enzymes. 
Every single reaction in the protoplasm is not without the activity of 
some enzyme. Some well-known enzymes are pepsin, lipase, amylase, 
trypsin, carbonic anhydrase, dehydrogenases and ribonuclease. 

5. Nucleic acids—They are the fundamental substances of proto- 
plasm, nucleus, nucleolus and chromosomes. Nucleic acids are the 
most complex and the largest known organic molecules. A nucleic 
acid is composed of smaller units called nucleotides. A nucleotide 
itself is composed of sugar, phosphoric acid and some nitrogenous 
bases. Adenine, cytosine, thymine, guanine, uracil, diphospho- 
pyridine nucleotide, adenosine triphosphate are the common nucleo- 
tides of the protoplasm. Two of the nucleic acids are very important : 
(a) deoxyribonucleic acid (DNA in short) is a part of the nuclear 
material, and (b) ribonucleic acid (RNA) is found in the cytoplasm as 
well where it takes an active part in the synthesis of proteins. 

6. Regulatory substances—There are additional substances which 
direct the activities of cells or control the functions of the animal, these 
regulatory substances are hormones, vitamins and respiratory pigments. 
Hormones are secretions of ductless glands, they regulate metabolism 
and control growth. Vitamins are complex organic parts of food, they 
are essential for normal growth, maintenance of health, and a full utiliza- 
tiomof food, their absence causes some diseases. Respiratory pigments, 
such as haemoglobin, take up O, and remove CO, from protoplasm 
during respiration, some others oxidise glucose to produce energy. 

7. Water—Protoplasm contains varying quantities of water in 
different parts; there is about 609/-90% of water in the protoplasm of 
different animals. Specialized tissues in a particular animal vary 
widely in water content; the more active the tissue, the higher its water 
content. In man, for example, gray matter of brain contains about 
84%, liver and muscles tissue 73-76%, adipose tissue 10-30% and 
dentine of teeth 10%. In a given animal species, the water content 
is the highest in its embryo and decreases with age. An adult man 
needs about 3 litres and a cow about 100 litres per day. Water is a 
natural solvent and it dissolves more substances than any other liquid, 

thus enabling chemical reactions to take place speedily. Water has 
a high surface tension which gives the protoplasm a consistency. 


‚ AS 
free water, it acts as a medium of dispersion of substances in the 
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= rotoplasm. sHowever, a large part of water is bound to colloidal 
particles in the protoplasm, and this bound condition shows entirely 
different properties from the free water. Bound water does not 
freeze into ice. It is indispensable in metabolism because enzymes act 
exclusively in the presence of water. It has a high specific heat, con- 
sequently it affords protection against sudden temperature changes in 
living organisms. n 
8. Inorganic salts—Inorganic salts are chlorides, phosphates, 
| carbonates, bicarbonates and sulphates of Na, K, Ca, Mg and Fe. 
= They constitute 1% to 4% of protoplasm, they regulate metabolism 
and maintain proteins in solution. Calcium and phosphorus are | 
necessary for the skeleton; sulphur is found in protein compounds; 
sodium and potassium are abundant in blood; magnesium is needed 
for bone formation; iron is a necessary part of blood, and chlorine 
is abundant in blood and tissue fluids. Most of the inorganic salts 
are in solution, either free or combined with organic compounds. 
9. Gases—These are CO, and O,, the latter is used by protoplasm 
during respiration and the resultant CO, is formed as a waste product. 


Elements common in living things 


approximate % - approximate % `“ 
Elements P by weight Elements by weight 

Carbon (C) | 200 | Sodium (Na) ESUUBOY- 
| Hydrogen (Н) 10: Magnesium (Mg) 0:07 
| Oxygen (О) 62-0 Iodine (Т) 0:014 ° 
Nitrogen (N) 3:0 Iron (Fe) 0:010 

Calcium (Ca) 2:5 Fluorine (Fl) 

Phosphorus (P) 1:14 Silicon (Si) 

Chlorine (СІ) 0-16 Tin (Sn) traces 

Sulphur (S) 0:14 Vanadium (Va) 

otassium (K) 0:11 


Physical Properties of Protoplasm 

Protoplasm is a slightly greyish, translucent jelly-like fluid, which 
is heavier than water; it is viscid but the viscosity differs in various 
animals and also in different parts of the same animal. [t is compo- 
sed of a large amount of water having some substances in solution 
but some other substances are not fully dissolved. When a substance is 
broken down to very small particles, which are of the size of its own | 
molecules or ions (less than 1 mm*), its solution is said to be a true 


*] 4m=micrometre= 1/1000 mm. 
nm-nanometrez 1/1000 т 
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or molecular solution. In a true solution the molecules or ions are 
uniformly dispersed in the solvent. Many acids, bases, salts and 
sugars form true or molecular solutions. Such solutions are clear 
and the solutes are not visible in the solvent. If, however, the disper- 
sed particles are of larger size, such as aggregates of molecules (over 
200 рт), the mixture is said to be a suspension. A suspension is not 
clear, itis somewhat cloudy, its particles settle upon standing. 

A third kind of mixture of substances is called a colloid or 
colloidal solution. In this, the particles of the solute are of intermediate 
size (1-200 pm; they are bigger than molecules, but smaller than large 
‘aggregates of molecules which do not settle upon standing. The 
colloidal particles in a colloidal solution are said to be in the disper- 
sed phase, while the solvent or the medium in which they are disper- 
sed is known as the dispersion medium or matrix. Colloid is a Greek 
word meaning glue (kolloo— glue); glue is really a colloidal solution. 
in which animal gelatin is dispersed in water, the dispersed particles 

of gelatin remain suspended as they are too light to settle down. 

The protoplasm is a colloid, its dispersion medium is water and its 
dispersed phase has ions and molecules of proteins, fats and carbohy- 
drates, and it has no visible structure. Proteins and certain other 
organic compounds (polysaccharides, soaps, etc.) that bind water are 
called lyophilic (water-loving) colloids, and their solutions are called 
emulsoids. Being thicker than water, colloidal protoplasm cannot pass] 
through membranes, such as one that surrounds the cell. Though 

protoplasm is a colloid, it exists in two interchangeable states, a sol | 
state which is a liquid flowing easily, and a gel state which is like a 
viscid jelly. The sol and gel can change into each other with great 
rapidity depending on the ratio 


of water and organic compo- х » ‚ 
unds. If the dispersed phase 5. ү 
increases and water is lost from | у 


the dispersion medium, then the 
protoplasm forms the gel state, 
and if the dispersion medium or 
water increases, it becomes a sol, 
e.g. albumen in an egg is in a sol 
state, but when the egg is heated 
the particles of albumen take up | 
water molecules and swell up, WATER: 

the amount of free water is thus Fig. 21 Change of col into gel. : 
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reduced and¢he albumen acquires the gel state. Normally, protoplasm 
is a sol because it mixes easily with water and it also shows move- 
ments of its molecules in the dispersion medium; these movements are 
called Brownian movements—they are due to®collisions and electrical 
charges of molecules. In the gel state there is no movement. 

There is yet another kind of mixture of substances, known as 
emulsion. This isa mixture of a fluid and fine droplets of another 
liquid, for instance milk, where droplets of fats are suspended in a 
colloidal protein medium. 2 

In recent years with the aid of the electron microscope there has 
again been a recognition of the presence of a structure of protoplasm. 
Now it is claimed that protoplasm is a heterogeneous fluid containing 
many particles of different sizes and shapes and that it is in the form 
of a sol, though it can also gelate, and that its particles exhibit Brow- 
nian movements. Moreover, protoplasm has a complicated system 
of double membranes forming many flattened bags which are studded 
with minute granules and they lie in a homogeneous matrix. The 
membranes partition the protoplasm of a cell into many self-contained 
compartments. But. the structure of protoplasm does not remain 
constant because it changes ceaselessly due to the activities of cells. 


Physiological or Biological Properties of Protoplasm 
The biological properties are the same characteristics which dis- 
tinguish the living from the non-living matter. They are: locomotion, 
nutrition, excretion, metabolism, reproduction, irritability, respirgtion 
and growth, adaptability and longevity; they have been already 
discussed in Chapter. 1. 


THE ANIMAL CELL 

Most living organisms, both plants and animals, are made of 
ea very large number of living units called cells. The cells are orga- 
nized structural and functional units containing protoplasm. The 
word cell was first applied by Robert Hooke (1665) to the units seen 
in a cork, and it is unfortunate because cell means a small prison room 
and the emphasis is on the walls rather than on the contents, but the 
name being convenient, has stuck on. A cell is a microscopic unit of 
protoplasm surrounded by a limiting membrane and containing a . 
nucleus, Generally, most animals contain a very large number of cells, 
but the lower animals called Protozoa have their bodies composed об — 
only one cell, or it may be said that they are non-cellular, since their ES 
bodies have not become divided into cells. Some Protozoa have - 
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more than one nucleus in their single cell, but higher-animals havo 
generally one nucleus in each cell. 

The discovery and study of cells became possible with the invention 
of a microscope by a Dutch named Leeuwenhoek (1632-1723). Later 
on two German scientists Schleiden (1838) and Schwann (1839) 
studied the cell contents, and propounded the Cell theory saying that 
(i) all animal and plant organisms are composed of cells, together 
with substances produced by these cells; (ii) the cell is the unit of 
structure in living organisms, (iii) the cell is the unit of function in 
living organisms, (iv) all cells come from the division of pre-existing 
cells. This theory has met with general acceptance from biologists. 

In a multicellular animal there are many kinds of cells due to 
adaptation to particular function carried out by them in different 
parts of the body. They may be specialized physiologically for 
digestion, excretion, reproduction, etc; this functional specialization 
resulting from a division of labour causes morphological cell specia- 
lization. The cells of which animals are composed differ very widely 

in their shape, size and structure; they may be flat, oval, cubical, 
cylindrical, spindle-shaped or irregular in shape. In size a cell is 
generally below a cubic millimetre; but some cells, such as eggs, get 
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filled with yolk and become very large in size. Hen’s egg cell has a 


` diameter of 250 mm and is visible to the naked eye (yellow ball inside 


the white of the hen's egg is really the egg cell). In contrast man's 
egg-cell is microscopic and only a few mm in diameter. Variations 
of structure are also so great that no cell is ever exactly like any ather 
cell and it is impossible to speak ofa ‘typical animal cell’, yet all 
kinds of cells have certain basic features in common, so that a 
description of a generalized animal cell can be given. The detailed 
structure of cells has been revealed by the electron microscope. 


FINE STRUCTURE OF THE LIVING CELL 


A. description of the functional anatomy of the living cell must begin 
with the statement that there is no such thing as a typical cell. There 
are many kinds amongst single-celled animals and the cells of the brain 
and muscle tissue are as different in morphology as they are in function. 
But for all their variety in size, shape, and structure they are all cells 
and made of a mass of protoplasm containing a nucleus, the protoplasm 
is held in place by a surrounding plasma membrane. The protoplasm 
which lies within a cell is called cytoplasm, while the protoplasm inside 
the nucleus is known as nucleoplasm. The cytoplasm and nucleoplasm 
both have some well organized structures. These fall in two categories : 
organelles and inclusions. The organelles are cytoplasmic structures 
which perform a clearly useful function. The inclusions, on the other 
hand, are cytoplasmic structures which serve no clearly useful function 
for the cell. e 

The cells of bacteria and other microorganisms do not possess 
well-formed nucleus and nuclear membrane, there. is a single chro- 
mosome without histones, but no mitochondria and chloroplasts, and 
a mitotic figure is not developed at the time of cell division. Such 
simple cells are called procaryotic. Procaryotic cell utilizes the plasma 
membrane and the structures. derived from it to perform a variety 


‘of functions without isolating these functions into individual unit 


organelles. 


- 


In contrast, there are eucaryotic cells which are complicated. 
They have a nuclear membrane, number of mitochondria, more than 
one chromosome and develop characteristic patterns during cell- 
division. Eucaryotic cells are found in all plants and animals except 
bacteria and viruses. 

Prokaryotic and Eukaryotic cells—All kinds of cells have in them 


genetic material in the form of nucleotides, however, in most of them — 
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nucleotides are associated with histones (proteins) tœ form nucleo- 
. proteins concentrated in a special cell-organelle, the nucleus. Some 
genetic material is extranuclear and is found in the cytoplasm. Bac- 
teria and blue-green aigae are unique in having no nucleus and the 
genetic material in them is not bounded by a nuclear membrane, 
naturally spread out in the cytoplasm within the limits of cell-mem- 
brane. Absence of a nucleus is a primitive character, hence the cells 
in which genetic material is not enclosed into a nucleus are called 
prokaryotic, all other cells having a definite nucleus are called eukary- 
otic. Some more differences between them are enumerated below :— 


Prokaryotic Eukaryotic 
1. Bacteria and blue-green | 1. all other plant and animal 
algae, cells, 
2. genetic material spread | 2. genetic material concentrated 
out in the cytoplasm, within the nucleus, 
3. nucleus and nuclear mem- | 3. nucleus and nuclear mem- 
brane lacking, brane present, 
4. nonucleoli, 4. oneor more nucleoli present. 
5. endoplasmic reticulum, | 5. all such organelles present, 
Golgi body and mitochon- 
dria lacking 
6. genetic material organized | 6. number of chromosomes 
in a single chromosome varies from 2 to several 
` hundred, 
7. DNA without protein 7. DNA associated with pro- 
tein, 
8. cell wall composed of рго- | 8. cell wall always of cellulose, 
tein, fat and starch, 


9. nuclear spindle never formed | 9. nuclear spindle. found, 
during cell division 

10. besides a single chromosome, | 10. extra-nuclear genetic mate- 

ria have circular genetic rial has no comparison with 
units (DNA)in the cytoplasm the plasmids, 
known as plasmids, 

11. plasmids serve as autono- | 11. transfer of genetic material 
mous carriers of genetic is limited to the chromo- 
material from one bacterial somes. 
cell to the other and often 
combine with the chromo- 
some of the recipient bac- 
terial cell. д 
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Plasma membrane—The outer boundary, which encloses the cyto- 
plasm, is a very thin cell membrane or plasma membrane, it is a thin. 
two-layered membrane made of molecules of fats pressed between 
two sets of protein molecules, and is perforated by small holes. 
The sandwich-design of cell membrane was first proposed by James 
Danielli and Hugh Davson in 1935. The plasma membrane may be 
strengthened by an external cell wall of cuticle, or in plant cells by a 
cell wall of cellulose, риё most animal cells have no cell wall. The 
plasma membrane has true surface tension properties and keeps the 
cell contents from mixing with surrounding fluids. It is a highly 
selective living part of the cell and all substances entering or leaving 
a cell must pass through it. The plasma membrane is selectively per- 
meable because it allows some molecules to enter a cell but not others. 
Glucose, water, oxygen, and carbon dioxide can pass easily through it; 
fatty acids, glycerol, and urea pass through less easily; while some 
inorganic salts, proteins, and carbohydrates cannot pass through it. 
Thus plasma membrane is selective and allows those substances to 
enter a cell which are necessary for metabolism and excludes unne- 
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cessary or harmful substances, and it prevents the escape of proto- 
plasmic compounds. Some free proteins associated with the cell 
membrane are in the form of enzymes. A group of such enzymes 
called permeases ог translocases help in the movement of molecules 
across the cell membrane. In many cells the plasma membrane forms 
small temporary pockets or pinocytic vesicles leading in from the 
surface, These pockets take in droplets of solution from the surroun- 
ding medium and then pass into the cytoplasm where their contents 
are released by the breakdown of the vesicle. This phenomenon is 
knowí as pinocytosis or cell drinking; it is caused by some proteins 
and is used for taking in molecules which are too large to pass 
through the plasma membrane by diffusion. Thus certain substances 
enter a cell by pinocytosis also. It may be repeated that greater the 
surface area of the plasma membrane, greater will be the exchange of 
materials across it. For this reason in many cells, such as those of 
small intestine and kidney tubules, the plasma membrane is produ- 
ced into numerous finger-like blind projections called microvilli. The 
microvilli are the effective instruments of ultra-absorption of liquids 
into the cell. Microvilli are about 1:0 nm long and 0:08 nm wide. 
An intestinal apithetial cell may have as many as 3000 microvilli. 
Some cells, such as white blood corpuscles, can engulf solid matter, 
may be food or wastes; this activity stands in contrast to pinocytosis, 
and is known as phagocytosis or ‘cell cating’. 

There is yet another way by which molecules move across the 
cell: membrane. Normally, things move from a place of higher 
concentration towards a place of lower concentration, this is popu- 
larly known as diffusion, but when the movement is exactly otherwise, 
i.e. movement of molecules towards a place of high concentration, 
the movement is termed active transport. Since, in the active trans- 
port things move against the concentration gradient, the task is hard 
and energy-consuming. Active transport is supported by plasma 
membrane enzymes, the permeases and translocases. 

Highly specific ultrareceptors on the cell membrane react with the 
enzymes, hormones, metabolites, viruses, bacteria and the antigens to 
evoke specific responces in the cell. 

Cytoplasm—The protoplasm of a cell lying inside the plasma mem- 
brane but outside the nucleus is known as cytoplasm. The nucleus 
and cytoplasm are mutually interdependent and one cannot live for 
long without the other. In a living cell the cytoplasm appears as a 

‘structureless fluid mass. But the cytoplasm is made up of a compli- 
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cated system ef extensive interconnected double-membranes known as 
the endoplasmic reticulum visible only in the electron microscope. 
The membranes of the endoplasmic reticulum form the framework or 
the cytoskeleton of the cytoplasm (Fig. 24). Between the spaces of the 
membranes, the cytoplasm has a cytoplasmic matrix or ground substance, 
containing complex enzymes, synthetic products and storage materi- 
als. -Endoplasmic reticulum is made of proteins and lipids, and is 
often densely covered with a very large number of minute particles 
called ribosomes. The degree to which the membrane systems are 
developed, varies from cell to cell, being rather simple in amoebae 
and highly complicated and densely covered with ribosomes in cells 
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tials and energy through its membranes which serve 4s conducting 
channels, and manufactures proteins and enzymes of various kinds. 
Cytoplasm is concerned with taking in food and changing it into 
living parts of a cell;sit forms substances needed by the cell or for 
export outside the cell into other cells. The cytoplasm also extracts 
chemical energy from. sugars and fats and transfers it to special energy- 
` rich molecules (ATP) which circulate in the cell. It is suspected but not 
definitely verified that the nuclear membrane and plasma membrane are 
parts of the endoplasmic reticulum, so that a continuation exists from 
the outside to the interior of the cell. 

In the cytoplasm are certain living substances collectively known 
as cytoplasmic inclusions, they are a centrosome, mitochondria, Golgi 
body, free ribosomes, and microsomes. 

Nucleus—A cell has a round or oval nucleus (first reported by 
Robert Brown in 1831) enclosed in a nuclear membrane. (Red blood 
corpuscles of mammals are exceptional in having no nucleus after 
they are formed, and some protozoans have more than one nucleus 
in a single cell.) The nucleus has a fluid nucleoplasm and some 
solid threads and particles of chromatin. The nuclear membrane is а 
two-layered membrane made of proteins and fats like the plasma 
membrane, and it is perforated by many very minute pores, it is 
Semipermeable and some substances pass in and out from it. In 
most animals the nuclear membrane disappears during cell division. 
Nucleoplasm is а fluid and is composed of nucleoproteins (hitherto 
called chromatin), which are combinations of proteins and nucleic 
acids. The chief nucleic acids are the deoxyribonucleic acid and 
ribonucleic acid. Nucleoproteins are not visible in a living cell. 
During cell division the nucleoproteins become clearly visible 
because they get coated with more nucleoprotein and take the form 
of a number of thin, thread-like chromosomes. The chromosomes 
stain darkly with basic dyes because they contain nucleic acid. Chro- 
mosomes show alternate dark and light regions across their 
length, the darkly staining regions are chromomeres which contain 
genes. The genes are units of hereditary characters and they also control 
cellular processes. The lightly staining regions are made of proteins 
and one of them is a centromere for attachment of a chromosome to 2 
“spindle thread during cell division. The number of chromosomes 18 
fixed for a species of plant or animal; some exceptions do Occur: 
Lowest number of chromosomes is 2 in Ascaris megalocephala. Man 


has 46, monkey 48, rat 42, dog 78 and fruit-fly 8, A nucleus also 
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q contains опе of more nucleoli. Under the electron microscope the 
; nucleoli are seen to be packed with tiny granules similar to the ribo- 
somes of the endoplasmic reticulum. In fact, the nucleoli are rich in 
RNA and appear to be active centres of protein and RNA synthesis 
inside the nucleus. The nucleolus manufactures proteins, it is not known 
if it performs any other function, but it disappears during cell division. 
Centrosome or Cell centre—Lying near the nucleus is a small clear 
area of cytoplasm free from granules, it is known as a centrosome or 
centrosphere. The centrosome contains a minute dot-like centriole, 
at times there may be two centrioles. In Protozoa the centrosome lies 
generally inside the nucleus. The centriole divides into two, just when 
-the cell begins to divide. The centrosome appears to initiate cell 
division and the centriole brings about the formation of a spindle and 
asters of a dividing cell. 
Mitochondria or Chondriosomes—Mitochondria, first observed by 
E Altman in 1886 but described in 1897 by Benda, are hundreds of 
p curved rods lying in the cytoplasm. Their size ranges between Sm 
to 10m in length and 0-5pm to 1-0j£m in thickness. The number of 
mitochondria also varies in different cells, for instance Microsterias, 
an alga, contains a single mitochondrion, while an amoeba (Chaos 
chaos) has more than 50,000. A mitochondrion ( —singular) is a 
bag whose wallis made of two membranes—the outer membrane is 
covered with particles and the inner membrane is thrown into many 
folds called cristae. Foldings of the inner membrane increase the sur- 
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face area many times when compared with the surface area of the 
outer membrane. The inner membrane is more specialized than the 
outer in having numerous stalked particles calledoxisomes. The lumen 


of the mitochondrion contains a fluid matrix. Mitochondria are made ' 


of lipids and proteins, and they contain many respiratory enzymes. 
Mitochondria are the ‘power houses’ of a cell, they bring about the 
chemical reactions which take place in tissue respiration, they also 
break down fats, proteins, and carbohydfates into smaller particles 
and transfer their chemical energy into complex energy-rich molecules 
of adenosine triphosphate, ATP in short, the energy can be used from 
these energy-rich molecules wherever it is needed. ATP, by losing 
one of its P, releases tremendous amount of energy and itself is con- 
verted into adenosine diphosphate (ADP). 90% of ATP of a cell lies 
in its mitochondria. [A number of nucleotides are found in tissues 
and have special functions. A nucleotide is the muscle adenylic acid 
commonly known as adenosine monophosphate (AMP). Adenosine 
also forms a diphosphate (ADP) and a triphosphate (АТР).] 

No matter what form the energy takes, it is customarily measu- 
red in units called calories. A calorie is defined by physicists as the 
amount of heat energy required to raise the temperature of 1 gm of 
water 1°C. [Calorie, when written with a capital C, is equal to one 
thousand small calories.] Glucose is one of the most important 
organic compounds that is involved in the release of energy in a cell. 
One gram of glucose on burning releases 3:8 calories of heat. Same 
amount of glucose in a cell, upon chemical breakdown, releases 2:5 
calories of chemical energy which is used to restore the lost P to the 
molecule of ADP, resulting in the formation of ATP. Energy from 
glucose is thus trapped in the molecule of ATP, remaining 1:3 calo- 
ries is lost to environment. 

Ribosomes—These are very minute granules attached to the mem: 
branes of the endoplasmic reticulum in very large numbers, and 
some lying free in the cytoplasm. Ribosomes are made of proteins 
and ribonucleic acid, they are the sites for the synthesis of proteins 

"and enzymes from amino acids. In the cells engaged іп active 
protein-synthesis, some ribosomes occur in groups, such aggregates 
are called polyribosomes or polysomes. 

Golgi body or Lipochondria—First described by an Italian scien- 
tist Camillo Golgi in 1898, the Golgi body consists of several flatte- 
ned single-membrane-bound sacs called cisternae or saccules. The 
saccules, as seen in the electron microscope, are usually stacked one 
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above the other: Golgi body is usually placed near the nucleus. Proteins 
-synthesized at the surface of ribosomes are first transferred to the 


» Golgi apparatus Where specific enzymes link the proteins to sugars 
= by chemical bouds to make glycoproteins, These collect in the saccu- 
` les, which progressively swell up and take the form of globules. 


Globules reach the cell-membrane where they burst and liberate the 


 cellsecretions outside the cell, New saccules are added to Golgi 


apparatus from the endoplasmic reticulum. This Golgi apparatus 
helps the passage of cell-secretions to the outside. Several enzymes 
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such as glycosyl transferase and thiamine pyrophosphatase found in 
the Golgi body help in transferring metabolic and synthetic products 
or elaborating them. Golgi body is made of lipoproteins. Usually, 
there is a single Golgi body in a cell, but in certain plant cells, the 
Golgi apparatus consists of many unconnected units called dictyosomes. 
Each such unit consists of flattened saccules and smaller vesicles. 

In some cells, but not in all, there are round vesicles called lysosome. 
Lysosome is made of a single membrane like the saccules of Golgi 
body. It contains digestive or lytic (ysis=to break) enzymes, these 
enzymes can digest the cell at times and bring the breakdown of 

mful and useless substances in the cell. Thus lysosomes play a role 
in normal processes of decomposition, they control the breakdown of 
Parts of a cell and of foreign particles like bacteria. They are especially 
abundant in the white blood corpuscles and other kinds of phago- 
cytic cells, While performing their duty many lysosomes break down 
or lay their own lives, This fact has given them the name of ‘suicide 
ags’. Lysosomes also take part in destroying the tissues which are 
no more required, for instance, they bring about regression of mammary 
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Belgian Biochemist Christian de Duve in 1955. Lysosomes are formed 
from the break-away parts of the saccules of the Golgi body. Lyso- 
some-like single-membrane-bound bodies called spherosomes are often 
quoted as organelles distinct from lysosomes. 

Some small, 0:5 to lp in diameter, single-membrane-bound bodies 
called peroxisomes are common in plant and animal cells. They con- 
tain peroxide producing enzymes and probably have some role in fat 
metabolism. pest: 


Cell inclusions—Besides the living substances found in a cell, the 
cytoplasm also contains some non-living substances collectively called 
cell inclusions; they include yolk, pigment, plastids, fat, secretory 
granules and vacuoles. Yolk is found in eggs only and is a reserve 
food material. Pigment occurs as granules in some special cells only, 
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it gives the characteristic colour to cells and tissues. Plastids are 
structures modified for containing some special pigments, they are 
concerned with synthesis of carbohydrates and proteins; plastids 
are found in plant cells, in animals they are found in some Protozoa 
only. Fats of various kinds occur as droplets, they are the energy 
store of a cell; glycogen granules may be present as reserve food and 
energy store. Secretory granules are made of special secretions 
synthesized and accumulated in gland cells. Vacuoles are spaces 
enclosed by a membrane and containing some fluid in which water 
soluble substances are found. ‘They also store and transport fats and 
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water in a cell; they may be excretory but their main function is to 
regulate internal osmotic pressure in a cell. 


Cells of animals and plants have many features in common. A 
plant cel! typically has a nucleus, one or mor€ nucleoli, mitochondria, 
Golgi bodies, ribosomes and a plasma membrane. In these respects 
a plant ceil resembles an animal cell. But a plant cell differs from 
an animal cell in the following points :— 


A (1) Plant cells have a thick cell wall of cellulose (or other carbo- 


hydrates) outside the plasma membrane, (2) there is a large central 
vacuole in fully grown plant cell, the vacuole is filled with fluid and 
is surrounded by a fine membrane, and protoplasm becomes peri- 
pheral, (3) many of the cells of green plants contain chloroplasts 
which have a green pigment called chlorophyll, and (4) during the 
division of a plant cell chromosomes and spindle are prominent, but 
centrioles and asters are usually not found. 


THE ORGANIC MOLECULES 


Proteins—These are the principal foods of animals. Proteins are 
building materials of protoplasm and they form large parts of 
animal meat, milk, eggs, fish, curd, and cheese; they are found in 
smaller quantities in various pulses, gram, and green leafy vegetables 
like spinach and lettuce. 

Chemically, proteins are the biggest organic molecules (megamole- 
cules). For instance, the haemoglobin protein of our blood has 9,512 
atoms in a single molecule : C4 H,5:4 Ogg МузоЅвЕе;. A protein mega- 

molecule is composed of simpler unit molecules called amiao-acids. 
‘There can be 100 to 1,000 such unit molecules in a single protein 
molecule. We know more than 22 different kinds of amino-acids. 
Obviously, in a protein molecule, the same kind of amino-acid is 


+ eepeated more than once. It also implies that all kinds of proteins are 


built of various combinations of these 22 kinds of amino-acids. Some 
of the common amino-acids are glycine, alanine, lysine, serine, tyrosine 
and phenylalanine. To follow as to how amino-acids combine to form 
a protein molecule, let us go into the biochemistry of amino-acids. 
An amino-acid is an organic compound with both an amino group 
(NH,) and a carboxyl group (COOH) chemically bonded to the same 
carbon atom. The simplest amino-acid is amino acetic acid or 
glycine, CH, (NH,) COOH. Other amino-acids differ from glycine 
in having one of the hydrogen atoms attached to the central carbon 
atom replaced by some other combination of atoms such as CH; 
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Thus by putting a CH, in place of one hydrogen atom, a different E 
amino-acid called alanine is formed. s 
Hoc н 
‚ч oe А " 
H y: TeS u” K 
г bw / 
H H о 5 Ctla H o 
GLYCINE ALANINE | 
' We can thus represent the chemical constitution of an amino-acid ‚ 
H 
4 OH i 
С 2er | 
R H 


to where R represents any combination of alkyl group. 


Proteins are formed by chemical linkage of two or more amino- | 
acids in a characteristic manner. The linkage is known as a peptide | 
bond. The linkage always involves the removal of one molecule of 
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water (H.OH). Its OH (hydroxyl part) comes from the carboxyl 
group of one amino-acid, and the H comes from the amino group 
of the cther partaking amino-acid. Consequently, a chemical bond 
extends from the carbon of the carboxyl group to the nitrogen of 
the amino group. Thus in a combination of glycine and alanine, the new 
compound formed is glycyl-alanine and a molecule of water is given off. 


More amino-acids сап be linked to the molecule of glycyl-alanine 
at its both ends. On the left there is an amino group ready to give 
off one of its H to the OH of partaking amino-acid; similarly, on the 
right, there is a carboxyl group, ready to give off OH to the Н of the 
amino group of the partaking amino-acid. In this way many amino- 
acids can be linked into endless chains to form bigger and bigger 
protein molecules. Of course, every linkage yields one molecule of 
water. Building up bigger molecules with the removal of water is 
called dehydration synthesis. 


Just as the amino-acids can be linked up to form bigger mole- 
cules by dehydration (ie. taking away water), big molecules can be 
broken down to smaller molecules by hydration, ie. adding water. 
Breaking down a bigger molecule that way is called hydration analysis 
er hydrolysis. Proteins can, thus, be broken down or simplified by 
hydrolysis to unit amino-acids. This is exactly what happens chemi- 
cally to the food in the alimentary canal during digestion and this 
process of change of food into simpler products is known as digestion. 


a ipm 
We г Bs = есик t—c F ^ EN 
EN SA S н 

GLYCYL-ALANINE GLYCINE ALANINE 


Carbohydrates—These are equally important organic megamolecules 
used as food. These are organic substances which provide energy, 
they include starches and sugars. Starches are found in large amounts 
in wheat, rice, pulses, gram, and maize. Common sugars are cane 
sugar (sucrose), fruit sugar (fructose), milk sugar (lactose), malt sugar 
(maltose), and pure grape sugar (glucose). Cellulose of Plant cells 
yisa carbohydrate but it is not digested by majority of animals. — 
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A carbobydrate is composed of carbon, hydrogen and oxygen, 
the last two are in the proportion of 2 : 1 as in the water molecule. 


A monosaccharide (glucosc) always has a hydroxyl group (CH. 


CH;0H CH,0H . 
H зз A EE са н 
о se ci S а aan et 

OH HUZN 7 җон HEN 

x uf БЕТӘН] хо Ef Ән 

Cesc С et 

H б H on 


Cs Нло Oc Св Но Ов 
(GLUCOSE) (GLUCOSE) 


9n Crear С PCanu—C 
H OH й он 
MALTOSE 


OH) by which it can be linked to another monosaccharide in a 'sacch- 
aride bond' and give away a molecule of water and form a disacch- 
aride molecule, Thus two molecules of glucose, upon dehydration, 
synthesize a molecule of maltose (a disaccharide). 


There are still H and OH groups at the two ends of maltose molecule 
where more simple sugars can be linked. Thus by dehydration 
synthesis of glucose alone, giant carbohydrate molecules can be 
built up. Two of such molecules are the starch in plant and 
glycogen in animal. They may have 100 to 1,000 monosaccharide 
units. Upon hydrolysis carbohydrates are broken down to simple 
sugars. 


Fats—Fats can produce tremendous energy but only after complex 
steps. Common animal fats are cream, ghee, butter, liver oils and 
lard. Vegetable oils which contain fats are mustard oil, coconut oil 
and groundnut oil. Nuts also contain vegetable oils. 
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Like carbohydrates, fats are made up of C, 
Н and О, th:ir constituent units are not of one 


- but two types : the fatty acids and the mono- 9 


and diglycerides, commonly known as glycerol. 


^." Fatty acids give the characteristic properties to 


the fat. A fatty acid is a long chain of carbon 
‘atoms are attached to carbon atoms but always 


at the end of the chain is a carboxyl group 
(COOH). 


STEARIC ACID (a fatty acid ) 
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The long chain of fatty acid molecule may be briefed to 
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where R represents the rest of the fat molecule. 
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Simplest fats are triglycerides, ie. one molecule of glycerol 
(=glycerine) is linked with three fatty acid molecules. The constituent 
fatty acids may be all of one kind or of different kinds. Dehydration 
synthesis of a fat is illustrated above. 

Upon hydrolysis fats are broken into constituent units, i.c. fatty 
acids and mono, di-and triglycerides. 


Waxes are simple lipids containing one molecule of fatty acid_ 


esterified with one molecule of a high molecular weight monohydroxy 
alcoho}. Bees wax and spermaceti (sperm-whale wax) are composed 
mainly of palmitic acid esterified with either hexacosanol (СНОН) 
or triacontanol (C;,H,,OH). Carnauba wax, the hardest known 
wax, consists of fatty acids esterified with tetracosanol (C,,H,,OH) 
and tetratriacontanol (C,,H,OH). Waxes are insoluble in water 
and are very resistant to atmospheric oxidation, for this; they are 
useful in furniture, boot and automobile polishes and food packets. 
Sterols are wax-like solid alcohols which occur free, and esterified 
with fatty acids, in most living cells. Examples of sterols are ergosterol, 
from yeasts and fungi, stigmasterol, spinasterol, sitosterol from various 
plants. The best known sterol of animals is known as cholesterol. 


- It is present in high concentrations in nervous tissue and in bile. 


Most gallstones are composed of cholesterol which crystallizes from 
the bile under certain alsnormal conditions. Part of cholesterol is 
absorbed in the villi of duodenum and part is reduced to coprosterol 
and excreted in the facces. Normal level of cholesterol in human 
blood is 150—190 mg/100 ml blood. 

Excessive consumption of saturated fats delays the disposal mecha- 


nism of cholesterol. Often cholesterol is deposited in the inside of - 


arteries (atherosclerosis) and causes rise in blood pressure. A strict 
‘diet, specially reducing saturated fats (vegetable hydrogenated oils) is , 
one way of reducing cholesterol. Now a machine is being used to’ 
deal with too much fat, including cholesterol in blood which often 
leads to a blocking of the arteries and can set off a heart attack. The 
machine is a ‘blood filter’ and known as plasmat secura, which can 
filter 60% of cholesterol from the blood of a patient with extremely 


Es high blood fat content in two hours. Cholesterol-blocked arteries 


can also be washed free with this machine. . 


MOLECULAR CYTOGENETICS 


"The DNA molecule—Nucleic acids are very large organic molecules 
(polymers) and themselves composed of smaller units (monomers) 
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called nucleotides. A nucleotide consists of a sugar molecule, a mole 
of phosphate and a molecule of a nitrogenous base. Two forms of 
nitrogenous bases are found in the DNA molecule: purines and pyri- 
midines. Each of these has two kinds. Тһе two purines of DNA 


S ADENINE 
[— NUCLEOTIDE 
PURINE 


BASES 


GUANINE 
NUCLEOTIDE 
ә 


CYTOSINE 
NUCLEOTIDE 
PYRIMIDINE 


- A 
У THY MINE BASES 
3 \ NUCLEOTIDE 


Fig. 29 ° Arrangements in DNA molecule. 


are adenine and guanine, and the two pyrimidines of DNA are the 
cytosine and thymine. These are also called adenosine, guanosine, 
cytidine and thymidine. A phosphate and a deoxyribose sugar molecule 
is common to all the four kinds of nitrogenous bases. A phosphate, 
a sugar and a purine or pyrimidine complex is called a nucleotide. 
Thus, there are four kinds of nucleotides composing of the DNA 
molecule: these are adenine nucleotide, thymine nucleotide, cytosine 
nucleotide and guanine double helix into two single helices. Each 
single helix serves as a nucleotide. The nucleotides are synthesized 
in the cytoplasm from amino acids, sugar, carbon dioxide and 


ammonia. 5, 
The exact arrangement of the sal leotides 
molecule was put forth by Watson, Crick and Wilkins in 1953. ae 
were awarded the Nobel Prize for this history-making event In i 
Since then the structure of DNA molecule is explained by the Watson- 

Crick model of DNA molecule. MU. cm 
DNA molecule model is analogous to а ladder which is twisted 
spirally taking the form of а double helix. The long bars of the 
ladder may be compared with long chains of deoxyribose sugar 
molecules of the nucleotides and the horizontal rungs with the 
molecules are the links between 


i . Phosphate the 
EE үп bars. P in the horizontal bars it is always that a 
purine is matched with a pyrimidine. Thus adenine is always matched _ 
with thymine and linked бу two hydrogen bonds. Similarly, cytosine 
is always matched with guanine and linked by thr bonds. | 


four nucleotides 1 
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The combinations can be repeated 
any number of times with A—T or 
T—A, and C—G or G—C. 

The exact  arrargement of 
purine-pyrimidine matches is specific 
for every species of organism. This 
means that there are as many pat- 
terns of DNA molecules as there 
are kinds of animals and plants. 
The same specific pattern is dupli- 
cated at the time of cell division, so 
that the daughter cells receive the 
same kind of DNA not only qualita- 
tively, but also quantitatively. This 
principle automatically leads to 
another principle—that before a cell 
can divide, its DNA must be 
duplicated exactly. 

Watson-Crick model of DNA 
molecule also explains the exact 
mechanism of duplication. The onset 
of duplication is marked by the 
unzipping of the double helix at the 
hydrogen bonds between purine and 
pyrimidine complexes. This results Fig. 30 Watson and Crick DNA 
in the division of template ог model. 
substrate for the new double helix. A double helix is reassembled from 
each half of the original DNA double helix from the stock of nucleotides 
in the cytoplasm of the cell. The unsatisfied or incomplete purines or 
pyrimidines of the unzipped helix are filled in by the proper matching 
nucleotides. For instance, an unsatisfied adenine nucleotide will be 
satisfied only with a thymine nucleotide, similarly guanine nucleotide 
will be satisfied only with cytosine nucleotide. Thus, from the original 
DNA double helix, two new helices are formed and since each daughter 
helix has retained a half of the mother DNA asa template, the daughter 
DNA double helix is a mirror image of the mother DNA double helix. 

It is because of this true-copy duplication that the daughter cells 
are exactly like their mother cells genetically, morphologically and 

physiologically, Very little of DNA and RNA are present in free 
form. They are combined with specific proteins. The DNA nucleo- 
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proteins thus formed usually contain 40-60% nucleic acid and rest is 
protein. RNA nucleoproteins usually contain about 5-20 % nucleic acid, 
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Fig. 31 Duplication of DNA helix. 
Ribonucleic acid—This is another vital nucleic acid which is not 
confined in the nucleus, but is largely present in the extra-nuclear proto- 
plasm. RNA is similar to DNA but the sugar in itis a ribose sugar 
and thymine pyrimidine is replaced by another pyrimidine. called 
uracil, RNA cannot duplicate itself, instead, DNA produces RNA 
as well by replacing deoxyribose sugar with ribose sugar, and thymine 
with uracil. Some of the RNA produced by DNA is retained in the ж 
nucleolus and most of it passes out into the cytoplasm through pores 
in the nuclear membrane. This RNA is termed messenger RNA 
because it is carrying a definite ‘code’ with which it will organize — 
the assembly of aminoacids to synthesize specific proteins. and _ 
enzymes in the cytoplasm. It must be remembered that the charac- — 
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teristics of a cell are what its enzyme-system (enzymes are also 
proteins) and proteins make it. The part of the DNA molecule that 
codes instructions for the synthesis of one specific enzyme is termed a 


gene. Thus there can b countless number of genes on a single DNA 
molecule helix. 


Messenger RNA released from the nucleus gets associated with the 
ribosomes, which are the sites of protein rynthesis. 


Synthesis of proteins—It is а well-known fact that a considerable . 
part of the protoplasm, including the hundreds of enzymes of the cell, 
is composed of proteins. The constituent proteins of a cell are 
assembled from smaller unit-molecules, the amino-acids, brought to 
cell's storehouse by way of nutrition of the cell. All known proteins 
are simply various combinations of some 25 amino acids known so 
far. Some of which are: alanine, arginine, asparagine, asparatic, 
acid, cysteine, glutamic acid, glutamine, glycine, histidine, leucine, 
isoleucine, lysine, methionene, phenylalanine, proline, serine, threo- 
nine, tryptophan, tyrosine and valine. 


Sites of protein synthesis are the ultramicroscopic ribosomes atta- 
ched to the surfaces of the endoplasmic reticulum in the cytoplasm. 
Every kind of protein has a definite pattern in which its constituent 
amino acids are bonded or chained by peptide bonds. The genetic 
instructor for protein synthesis is the DNA of the genes in the 
nucleus. The ‘instruction’, ie. the code or sequence in which 
constituent amino acids are to be bonded, is coded in the form of 
“messenger RNA”? produced by DNA. For instance, a protein has 
in it five constituent amino acids repeated seven times in a definite 
order. This order is embodied in the messenger RNA, which leaves 


the nucleus through pores of the nuclear membrane and gets atta- 
ched to the ribosome surface. Ш 


The required amino acids are present in the cytoplasm which were 
obtained from the protein food. It may be recalled here that the food 
proteins are hydrolyzed to constituent amino acids—the raw materials . 
of protein synthesis. Thus, in the cytoplasm, we have the proper site 
(i.e. ribosome), the instruction (messenger RNA) and the raw mater- 
ials (i.e. the amino acids). What more is needed is a machinery to 
pick up the required amino acids and place them according to the 
coded instructions. Herein comes the role of ATP, the source of 
immediate energy and that of another kind of RNA called transfer 
RNA. Transfer RNA, as free RNA in the cytoplasm, has the quality 
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of coupling with the amino acids. Powered by ATP, the transfer RNA- 
amino acid complex is moved to the site of protein synthesis (riboso- 
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AMINO ACID 
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CHAIN 


FREE t. RNA 
TO 8E USED AGAIN 
Fig. 32 Synthesis of proteins in a cell. 

mal surface). Having served its purpose, the transfer RNA leaves the 
amino acid in its proper position and moves back freely. to pick up 
| more amino acids. There is a different form of transfer RNA for each 
n of the 25 kinds of amino acids. The role of transfer RNA may be 
| visualised as that of a railway engine, which picks up bogies or 
| wagons from various places їп the yard to assemble the train. 

| The amino acids reaching the site of protein synthesis are linked 
with one another Бу, means of peptide bonds. It is in this way that 
| many-unit amino acids are linked to make a long polypeptide chain, 
i.e. the protein molecule. A fully formed protein chain separates from 
' the surface of the ribosome and moves into the cytoplasm. 

It is quite common to find several ribosomes clinging together e 
and forming larger bodies known as polyribosomes. The linking — 
thread between individual ribosomes of a polyribosome is believed 
to be a fragment of messenger RNA. D 

A 77-nucleotide gene code was first prepared by India-bon —— 
American scientists Dr. Hargobind Khorana, В. Н. Holley and M." — — 


[4] 
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Nirenberg in the laboratory. This success paved the way for the 
Synthesis of desired ‘genes’ and has a great bearing upon diseases 
caused by wrong genes or malfunctioning genes. They were awarded 
the 1968 Nobel Prize for this work. | 

Extranuclear Genetic Material—Besides in the nucleus, genetic 
material in the form of DNA is found in several cell organelles such as 
mitochondria, centriole, flagella and cilia basal granules, and the 
plastids. At the time of cell division {nese organelles are self- 
duplicating. Extranuclear DNA is specially known to occur in the 
bacterial cells, in the form of self-duplicating circles or rings called 
plasmids. The plasmids or “magic circles” are presently the tools of 


have taken place in the cell-functions. Today, by special techniques 
the physiology of a cell can be altered to achieve desired results and 


means of restriction enzymes (the genetic Scissors) and foreign DNA 
he synthesis of human insulin 


in place of 
is technique is called Genetic Engineer- 


insulin. Extraction of 
special Biotechnology. A 
S for various diseases and 
help of new biotechnology 
What more ! It is possible to 


making desired genetic changes in the cells, 

Gene Therapy— Genetic engineering has paved the way of identi- 
fying defective Benes responsible for genetic diseases and other meta- 
bolic disorders. The defective or undesirable genes can be “sliced off” 
With genetic scissors (restriction enzymes) and normal genes can be 
placed in their positions. This technique is known as Gene therapy 
and holds a hope for treating diabetes, haemophilia, colour-blindness, 
cancer and leukemia. Plant-breeders are bringing out new strains 
and varieties of high-yielding plants by gene transfer technology called 
Transgenics. Pomato, a hybrid plant resulting from this technology 
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produces potatoes under the ground and tomatoes above the 
ground. 

Aging and death—Cells and tissues live and work by constantly 
producing living matter and replacing the oldewith new matter. Yet, 
aging and death is the ultimate end. What kills us all in the end? 

[The scientific study of the phenomenon of aging is known as 
Gerontology.] One theory; with some evidence to support it, is 
that the unpreventable ‘causes of aging and eventual death is the 
steady accumulation of random .changes (mutations) in the genetic 
material (DNA) in the cells of our bodies. 

DNA contains the blueprints, according to the iistcuctions of 
which new body-material is constantly made to replace that which is 
lost as it wears out. Accumulating faults in the blueprints means that 
they are renewed less and less accurately, eventually so inaccurately 
that the whole structure (body) becomes so faulty and physiologically 
abnormal that it can no longer function properly—and we die. 

Does our body resist aging? The answer probably is ‘yes’; 
by means of a hormone of the adrenal glands, known as dehydrepi- 
androsterone sulphate (DHEAS). This hormone has been found to 
Slow the rate at which errors accumulate in the DNA, thus puts 
brakes to the process of aging. 


The Cell—A Summary 
1. Plasma membrane—regulation and control of materials passing . 
through pinocytic intake and absorption. о 
2. Cytoplasm—suspension medium for organelles and inclusions, 
site of metabolic activities. 
3. Membranous organelles : 

(i) endoplasmic reticulum—carries enzyme systems, provided — 
for storage and conduction, surface for physico-chemical 
activities. 

_ (ü) Golgi apparatus—linking of proteins with sugars, storage 
and transportation of secretions. 

(iii) mitochondria—storehouses of ATP and scat of respira- 
tory activity. 

(iv) lysosomes—digestion within the cell. 

4. Other organelles : 
(i) ribosomes—sites of protein-synthesis. 
(1) centrosome—takes part in cell division. 


Ф 
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5. Inclusions : 
(i) secretory granules 
(ii) food granules | 
(iii) pigment granules i 
(iv) vacuoles 

6. Nucleus : 
(i) chromosomes—carriers of genetic information. 
(ii) nucleolus—controls the synthesis of some enzymes. 


х - Questions | 


1. Can Brownian movements be demonstrated in gel or sol ? 
2. Differentiate between : | 
(a) colloidal and a molecular solution. | 
(b) RNA and DNA. | 
(с) Ribosomes and lysosomes. | 
(4) pinocytosis and phagocytosis. E ! 
(e) chromosomes and chondriosomes. | 
(f) mitochondria and lipochondria. | 
3. The Cell Theory was established by— | 
3 (a) Robert Brown, | 
(b) Rudolf Virchow, | 
(с) Schleiden & Schwann* | 
(d) Schleiden. | 
4. Mark the correct instruments of protein synthesis: | 
DNA, m-RNA, lysosomes, ribosomes, endoplasmic reticulum, | 
plastids, ATP and centromeres. 
5. Which of the following organelles is associated with the hydrolysis | 
of food їп а cell: | 
| (a) ribosome, (b) lysosome*, (с) Golgi body, (а) centriole. | 
| 6. Which of the following structures is exceptionally rich in hydro- 
lytic enzymes :— 
{ raicrosome / ribosomes / lysosomes* / microvilli / chromosomes. 
| 7. Compare and contrast the following cell organelles under light 
t microscope and electron microscope respectively :— 
| mitochondria, Golgi body, nuclear membrane, plasma memb- 
rane, chromosome and centriole. 
| 8. Explain how а DNA molecule makes an exact copy of itself. 
9. The living matter was named ‘Protoplasm’ by Dujardin/Purkinje*/ 
Schwann/Malpighi. 
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E 10. Prokaryotic cells differ from eukaryotic cells in— 
` (a) presence of chromosomes, 
(b) presence of cell membrane, 
(c) absence of histones.* 


| e 
| 11. Which of these is a prokaryot— 
| (a) alga, (b) bacteria,* 
| (с) protozoa, (d) virus. P 
| 12. Cytoskeleton is the term given to— 
| (a) plasma membrane, (b) cell-wall, 
| (с) endoplasmic reticulum* e 
P 13. Purkinje (1840) and Von Mohl (1846) were first to— 
| (a) define ‘Science’, (b) explain origin of life, 


Ec (c) name the living тана ‘protoplasm’*, 
(d) describe the cell. 
| 14. Sandwich-design of cellmembran was proposed by— 
| (a) Khorana, (b) Danielli & Davson (1935),* 
| (c) Huxley. (d) Golgi. 
15. Polysome refers to— 
(a) cluster of ribosomes,* 
(b) single unit of ribosome associated with the endoplasmic 
reticulum, 
(c) ribosome in the cytoplasm, 
(d) ribosome present in the peripheral cytolplasm. 
16. Among the animals listed below the lowest chromosomes number 


| is found in— | 
Re (a) Ascaris megalocephala* (b) Drosophila (fruit-Hy) o 
ie (c) Asterias amarensis (d) Rana tigerna 

| 

i 


17. About 90% of a cell’s RNA is found in the ribosomes, because— 
(a) ribosomes form the framework of cytoplasm. 
(b) ribosomes are the sites of protein synthesis*. 
(c) ribosomes help in the transport of cell’s secretions. 

^ (d) ribosomal RNA is essential for energy-giving reactions. 

18. Mitochondaria in a cell are concerned with formation of : ATP 
from ADP*/ATP from pyruvic acid/lactic acid from citric acid/ 
ADP from ATP (CPMT-1984) m 

19. What is the most important property of water for which it is 
needed in the body : itis in a liquid form/it is a universal solvent*/ 
it is made of Н. and О, and this oxygen can be used in cellular 
metabolism/it is tasteless, colourless and odourless. (CPMT- 


1984) ж 
20. DNA is found in : nucleus only/cytoplasm Su EHE and 
cytoplasm*/nucleolus. (CPMT—1988). aan 
2: B —6 i 
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CELL CYCLE AND 
CELL DIVISION 


German Biologist Rudolf Virchow first conceived the idea that 
cells come only from pre-existing cells. Not all cells divide, but if 
they divide, they always double. The cell divides with such equal | 
justice that each new daughter cell is an identical copy of the parent. | 
Thus, doubling and halving, the cycle of cell growth and division is | 
generally known as Cell cycle. As long back as 1908 Hertwig sugges- | 
ted the ‘Kern plasma theory’ to explain the reason of cell division. | 
He held that a growing cell eventually reaches a size at which the 
ratio between the masses represented by the cytoplasm on one hand, 
and the cell nucleus on the other become limiting. This results in 
some imbalance in the life of the cell and starts a chain of events 
that lead to the division 

| of the cell into two. 
Hertwig’s theory today is 
| viewed with some doubts 
і and now we know for 


G 
(INITIAL GROWTH) 
ABOUT 8 HOURS 


| 
| 
: 
| 
i 


| definite, that it is the exact 

| : duplication of the genetic = 

i material, i. e. the DNA, (SYNTHESIS OF DNA) 

1 that.compels the cell to CHROMOSOME  ' 
REPLICATION 


divide. 4 cell cannot 
divide unless and until 
its DNA is doubled up 
exactly by active synthesis 
during the growth phase 
of the cell. 

In the life of a cell Fig. 33 Cell cycle. 
capable of division, cell division is but a phase of shortest duration, — 


ABOUT 6 HOURS 


G, 
CONTINUED 
WTH 
ABOUT 5 HOURS 


Č; 
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the rest is the phase in which cell grows and synthesizes genetic and 
other materials that pass on to daughter cells as dowries. The cell 
cycle is divided into four phases and designated by Су, 5, С, and 
M. or D. Ifthe starting pointis taken from the birth of a cell, then 
the period from the birth of the cell to the Stage when it begins to 
synthesize DNA is called the G, phase or the first growth phase. 
This is the longest phase‘and varies from 6 to 8 hours. 

S or synthesis phase begins from the time cell begins to synthesize 
genetic material DNA from the raw meterials reaching the cell.° This 
lasts for 5 to 6 hours, but still even after the DNA is completely 
duplicated, the cell does not divide. Some time passes between the 
end of S phase and the mitotic phase M or division phase D. This 
interval is designated by G, or the second growth phase. It is in this 
phase that the cell duplicates materials other than DNA which will 
be turned over to daughter cells as dowries. These include mito- 
chondria, golgi bodies and other cytoplasmic inclusions. G, lasts 4 
to 5 hours. Finally comes the M or D phase when the cell shows 
clear signs of cell division and enters the prophase of the cell division. 
M-Phase lasts for 60 minutes or more, at the end of which two 
daughter cells with equal genetic material and dowries are formed 
from the mother cell. Phases G,, S and G, were till now comprising 
one phase called interphase. 

There are two main types of cell division: 1. Amitosis or amitotic 
division or direct cell division, 2. Mitosis or mitotic divisione or 
karyokinesis or indirect cell division. To these a third type of divi- 
sion may be added which occurs in the formation of sex cells in 
gonads, this is Meiosis or meiotic division or reduction division. 


1. Amitosis ~ 
т In amitosis the nucleus elongates and becomes dumb-bell- 
shaped, then it divides into two nuclei, the cytoplasm constricts into 
two parts, half going to each nucleus, thus two daughter cells are 


NUCLEUS 


Fig. 34 Amitotic cell division. 
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formed. This type of division is seen usually in Protozoa, but is of 
rare occurrence in Metazoa. 
2. Mitosis or Karyokinesis 
Though there is an essential similarity of changes occurring in 
mitotic cell division, yet there are important differences during division 
of cells from various animal tissues, consequently the description of 
mitosis will include those features which*are common to dividing 
animal cells. Mitosis occurs in the cells of the body (soma), hence it 
is also spoken of as somatogenesis. Mitosis is a continuous process 
but for a description it is divided into four phases, namely, prophase, 
metaphase, anaphase and telophase. Between two divisions, when a 
cell is ‘resting’ or not dividing, is an interphase. Interphase does not 
mean that the cell is inactive, in fact it is most active during inter- 
phase. A cell in interphase has a nucleus with a nuclear membrane 
and nucleolus, its chromatin forms an irregular network, the cyto- 
plasm has a division centre with a centriole. 

1. Prophase—The centriole divides into two, followed by a 
division of the centrosome. At the-same time the chromatin of 
the nucleus becomes visible as long, slender and coiled threads 
forming a spireme which later divides into a specific number of small 
twisted threads called chromosomes. The chromosomes then become 
shorter and thicker and each gets coiled spirally like a spring. The 
two centrioles move apart towards the opposite poles of the cell, and 
thc centrosome forms thin threads called astral rays or asters 
which are fibres radiating outwards from the centrioles. The chro- 
mosomes become clearly visible, and it is seen that each chromosome 
is double and composed of two threads called chromatids lying close 
to each other longitudinally; the chromatids are attached to each other 
at a single point called centromere or kinetochore. The doubling of 
chromosomes is brought about by cach chromosome making an exact 
copy, of itself. If the chromatids are stained, they show dark regions 
alternating with lightly stained ones. The darkly stained regions are 
termed chromomeres which contain very small particles of nucleopro- 
tein called genes. Genes are’ the ultimate biological units responsible 
for transmission of hereditary characters from one generation to ano- 

. ther. During this time the nucleolus becomes smaller and disappears, 
and the nuclear membrane which has become less and less distinct 


also disappears, thus the nucleoplasm is released and gelates to form 3 
a spindle in the area occupied originally by the nucleus. The spindle - 
is formed of fibres, most of which run frem one centriole to the | 
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other, but some fibres end halfway at the chromosomes. Spindle 
fibres are also known as traction fibres. The mitochondria become 
very active and arrange themselves around the spindle. The asters 
and spindle then moye to the middle of the cel. These changes mark 
the end of the prophase stage. 


NUCLEAR MEMBRANE 


INTERPHASE 


-— 


ANAPHASE-2 TELOPHASE 


DAUGHTER CELLS 
Fig. 35 Phases in mitotic cell division. 


2. Metaphase—The chromatids of chromosomes become distinct. 
The chromosomes move and become arranged along the equator of 
the spindle. Their chromatids are attached to each other and to the 
Spindle fibres only at one place, the centromere or spindle attachment. 
This marks the end of metaphase which is a very short stage, PS 

3.. Anaphase—The centromere ofi each chromosome divides. ЕСУ at 


I 5 
a: 
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into two, and the two centromeres thus formed begin to separate 
carrying with them the chromatids of which they are a part. 
Chromatids move towards the opposite poles of the spindle, becoming 
pulled out into U or V shapes, the centromeres being at the junction 
of U or V limbs. It is not certain whether some force develops which 
repels the two centromeres of a pair or the fibres of the spindle, which 
are attached to centromeres, pull apart the two chromatids of a pair. 

4. Telophase—The chromatids of chremosomes move further 
apart reaching the poles of the spindle where they become grouped 
together near each centriole. The chromatids are now called new or 
daughter chromosomes. The new chromosomes become increasingly 
less distinct and they begin to uncoil; a nuclear membrane forms 
around each group of chromosomes to form two nuclei. A nucleolus 
is re-formed in each nucleus. The spindle and asters become indistinct 
and finally disappear, but the centriole persists. The new chromosomes 
become invisible and assume the interphase condition. A constriction 
appears around the equator of the cell and it deepens till it cuts the 
cytoplasm into two parts, (cytokinesis), thus two small daughter cells 
are formed, each with one nucleus. The daughter cells grow and 
become full-sized. It is important to note that the daughter chromo- 
somes have a single chromatid each, but they again appear as double 
in the next cell division. Obviously, the duplication takes place during 
interphase by the synthesis of DNA. 

Significance of Mitosis—1. Each cell divides into two daughter 
cells and an equal distribution of chromosomes results in the formation 
of two nuclei which are identical in both quantity and quality. 
2. The number of chromosomes present in a cell remains the 
same in the daughter cells. 3. Growth of the cell had stopped 
during mitosis, so the daughter cells when formed are balf the size 
of the parent cells. They begin to feed and grow to maximum size, 
then each daughter cell will undergo mitosis. S 

Importance of Nucleic acids—Nucleic acids are found in chromo- 
somes and are stored in large quantities in the nucleolus. Many 
changes in mitosis are due to the behaviour of nucleic acids. During 
interphase, chromosomes are invisible but the nucleolus is clearly seen. 
In prophase and metaphase, the nucleic acid of nucleolus is added to 
chromosomes hence they become visible and the nucleolus disappears. 
The nucleic acids also bring about the division of centromere and 
separation of chromatids, because chromatids begin to lose their 
nucleic acid'and are drawn apart during anaphase and telophase. 
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3. Meiosis (Reduction division) 

Meiosis is a kind of cell division which takes place in the gonads 
(testis and ovary) for the formation of gametes (ova and spermatozoa), 
hence it is also called gametogenic or maturation division. During 
meiosis the number of chromosomes in the mother cell is reduced 
to half in the daughter cells. These daughter cells, after some changes, 
transform into gametes. Every body cell of an animal has a fixed 
number of chromosomes imeach species; this full number in body cells 
is called diploid (double) or somatic; gametes (sex cells) have half the 
original number in the cell. Reduced number of chromosomés is 
spoken of as haploid (single). To arrive at the haploid number there are 
two divisions of a cell during meiosis. These divisions resemble mitosis 
in many essentials, but in the first division, which is qualitative or hetero- 
typic division, only half the chromosomes pass to each daughter cell, and 
in the second quantitative division or homotypic division each chromo- 
some divides into two chromatids, half of which go to each daughter 
cell as in mitosis. Thus in meiosis four cells are produced by division 
of the original cell, each having a haploid number of chromosomes. 

Prophase 1—When meiosis begins, the normal (diploid) number 
of chromosomes appear as long thin threads, even longer than in 
mitosis, but the chromosomes do not show a division into chromatids 
asin mitosis. Moreover, each chromosome has a granular appearance 
due to the formation of chromomeres which are darkly staining 
granules on chromosomes, they contain genes. This phase constitutes 
the leptotene stage of prophase. e 

Two chromosomes, which are identical in appearance, come 
together to form a homologous pair. One of the chromosomes of 
any hamologous pair is paternal in origin, i.e. derived from the father 
and the other is maternal, i.e. derived from the mother. In every 
cell of the body the chromosomes come in equal numbers from the 
two parents, and two chromosomes from two parents form a homolo- 
gous pair, they lie side by side. The two chromosomes may come 
in contact with each other but usually they contact only at particular 
Points called centromeres, then they become entwined with each other, 
Pairing and entwini f. chromoso: called mapsis. The 
synapsis becomes so intimate that each homologous pair appears to 
be only a single chromosome, though it is double or bivalent. The 
bivalent number is half of the number of chromosomes seen in 
mitosis, This marks the end of the zygotene or synaptotene stage. | 
Pachytene stage begins when the pairing of chromosomes ends. Itis - 
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characterized by several important events. The paired chromosomes 
become shorter, thicker, and more closely coiled around each other. 
'The centromeres of chromosomes become distinct, and now two chro- 
matids can be seen im each chromosome. 

The two partners of a bivalent pair begin to separate and each 
is seen to consist of two chromatids. Thus each bivalent pair has 
four chromatids, and these quadruple groups are called tetrads. But 
the separation is not complete because the chromatids of a chromosome 


CENTROSOME & CENTRIOUE 
2 GENTRIOLES' HOMOLOGOUS PAIR y 
NUCLEUS CENTROMERE CHIASMR 
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CENTROMERE 
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Ў 
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Fig. 36 Phases in meiotic division (Ist division).  . 
(Only a single homologous chromosome pair is shown except in 1.) 
cross each other at some points which are called chiasmata (singular— 
chiasma). This is called the diplotene stage, and it has very great 
importance in heredity, because it is at this stage that parts of a homo- 
logous pair of chromosomes exchange materials, which brings about 
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the mixing of paternal and maternal characters in the offspring. This 
exchange of genetical or chromosomal material is called ‘crossing over’. 
Although the time at which genetic crossing over occurs is not absolu- 
tely established, yet this event is normally attributed to pachytene stage. 

A further thickening and shortening of chromosomes occur. The 
nuclear membrane disappears, centriole and centrosome divide into 


two which separate, and a spindle is formed as in mitosis-prophase. 


The chromosomes nowetravel on the spindle. This is the diakinesis 
stage. All the above changes occur during prophase of the first division. 

Metaphase 1—Each bivalent chromosome moves and is attached to 
the equator of the spindle by two centromeres. Centromeres do not 
divide. Each centromere belongs to one chromosome of the bivalent pair. 
The chromatids of each chromosome are still attached to one another. 

Anaphase 1—The bivalent chromosomes, each consisting of two 
chromatids, are drawn apart and each partner goes towards опе 
centriole at the opposite poles of the spindle. 

Telophase 1—Half the partners of bivalent chromosomes form 
one nucleus with a nuclear membrane, and the other half form the 
other nucleus. The cytoplasm constricts to form two daughter cells, 
each of which has received only one chromosome from a homologous 
pair. Thus in meiosis the chromosomes do not divide, only the, 
. homologous partnerships are broken. Consequently, the daughters 
of Ist meiotic division possess only a haploid number of chromo- 
somes, hence this is a reduction division. 

In some cases a true telophase does not occur. After telophase 
the daughter cells may pass into an interphase condition in which 
the chromosomes again become invisible. Even if interphase occurs 
it is of very short duration, but often there is no interphase and 
daughter cells after telophase at once undergo a second division. 

Prophase 2—The second prophase is of two types. If there was 
an interphase after first division, the chromosomes, each consisting 


of two chromatids, become visible again; the centriole divides, and 


asters and a spindle are formed, the nuclear membrane is*lost. If 
{ hase stage is scarcely repre- 


there was no interphase, then the prop. 


sented, only the spindle is formed. 
hromosomes become arranged on the equa- 


Metaphase 2—The chron ome 
tor of the spindle, each with two chromatids. Ee 
Anaphase 2—The centromere of each chromosome now divides into 
two. The two centromeres along with their chromatids separate and 


move towards the opposite poles of the spindle, just as in mitosis. 
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Fig. 37 Phases of meiotic division (2nd division). 

Telophase 2—The chromatids get grouped together near each 
centriole, and they are now called new chromosomes, each has but 
one chromatid. A nuclear membrane and nucleolus are formed, 
spindle and asters disappear, and the cell constricts to form two 
daughter cells, each with a haploid number of chromosomes. This 
second division is a mitotic division. In some cases the first division 
may be mitotic and the second one a meiotic or reduction division. 

t Significance of Meiosis 

Each cell divides twice in quick succession forming four cells 
which have a haploid number of chromosomes in contrast to the 
diploid number present in the original cell. Meiosis forms haploid 
gametes (ova and spermatozoa) which unite in reproduction to form 
a diploid zygote. The crossing over or mutual exchange of parts 
between two chromatids has great significance in the mixing of paren- 
tal hereditary characters and their effect on the offspring. 


Differences between Mitosis and Meiosis 


Mitosis 


Meiosis 


1. It takes place in the body 
(somatic cells). 

2. Each DNA or chromosome 
replication is followed by one 
nuclear division, thus maintain- 
ing the amount of DNA and 
the number of chromosomes 
per cell constant from genera- 
tion to generation. 


1. It takes place in the reproduc- 
tive cells. 

2. Each DNA or chromosome 
replication is followed by two 
successive divisions of the nu- 
cleus, thus each of the daughter 
cells contains half as many 
chromosomes and halfas much 
DNA as its parent cell. 
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Mitosis 


matids in the early prophase. 


. The chromosomes at the meta- 


phase are arranged iff sucha 


way that their centromeres lie | 


at the equatorial plate of the 
spindle and the arms of chro- 
mosomes are free. 


. The centromeres divide, thereby 


separating the chromatids in 
the early metaphase or late 
prophase. 

. There is no exchange of chro- 
mosomal material between the 
homologous partners. - 

. Mitosis results in the formation 
of two exactly. similar cells 
both qualitatively and quanti- 
tatively. 


9. It is of shorter duration. 


———————————————— 


Meiosis 


. All the chromosomes behave | з. Homologous partner get paired 
independently of each other. +! 
. Chromosomes show their chro- | 4. 


and behave jointly. 
Chrombsomes become clearly 
visible in early prophase but ' 
do not show their chromatids. 


. The chromosomes at the meta- 


phase are arranged in such a 
way that the centromeres of 
homologous chromosomes lie 
on either side of the meta- 
phase plate, pointing towards 
opposite poles. 


. Centromeres do not divide in 


the first set of phases, they 
divide only during the second 
metaphase. 


. Exchange of chromosomal 


material does take place. 


„ Four daughter cells are produ- 


ced having only half the num- 


ber of chromosomes, hence - 


different from parent cell both 
qualitatively and quantitatively. 


9. It is of longer duration. 


Questions 
What materials are synthesized in the С, and S phases of a cell? 


1. 
2. What for are the two gro 
3 


wth phases in the life of a cell? 


What is the difference, if any, between the DNA of a mother 


cell and that of a daughter cell ? 
4. How much DNA is to be 


nucleus if there is 5 mg 


built up before actual division of the 
DNA in the nucleus of the mother cell ? 


Which base does replace thymine in RNA ? 


Name the nucleotides in 
Give at least two basic di 


Meiotic metaphase. - QUSS 
phase and of a new nuclear membrane during mitosis ? 


resulting in the formation of sperma- 


What is the source ot 
Describe the cell division 
tozoa. 
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8. Draw diagrams to show the d 
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RNA and DNA. 
fferences between Mitosis and Meiosis. 
ifference between the Mitotic meta- 
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11. 


12. 


14. 


15. 
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The equal division and distribution of cell organelles during 
mitosis is referred to as— 

karyokinesis / cytokinesis |с em division*/ equational division/ 
horizontal division. 


RNA synthesis which stops temporarily during the course of 

mitosis resumes at— 

(a) interphase,* (c) early anaphase, 

(b) late anaphase, (d) tetophase. 

Which statement/s is | are wrong :— 

(a) Cells must be duplicated exactly. 

(b) Cell-duplication is meant to maintain the identity of the 
individual organism. 

(c) Cell-duplication preserves the pool of successful traits of 


the parent cell built up through natural selection and 
insures survival. 


(d) Cell-duplication is necessary for producing exact photo- 
copies of daughter cells. 


Chromosomes are principally composed of : DNA and proteins*/ 
proteins / DNA/RNA. (PMT—1990). 


Replication of DNA is limited to : 
S-phase*/G 1/G 2/ Metaphase. (PM T-1991) 
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Multicellular animals or Metazoa have a very large number of 
cells in their bodies, all of which do not have the same structure and 
function. Groups of similar cells become specialized and distinctly 
different from other groups to perform some particular function, 
such functional groups of cells form tissues. Thus a tissue is an 
aggregation of mainly similar (often different) cells, the cells perform 
the same function and are held together by an intercellular substance 
which is secreted by the same cells. Cell specialization has some 
disadvantages too. The single-celled organism, as an amoeba, provi- 
des for its own nutrition, protects itself, makes all its own chemical 
compounds and often reproduces itself. The specialized cell is likely 
to do only one of these jobs, other jobs must be done for it by other 


cells. There are five main types of tissues and some specialized ones :— 


(1) Epithelial tissue (2) Connective tissue (3) Skeletal tissu 


(4) Muscular tissue and (5) Nervous tissue. 
The specialized tissues are (1) Circulating tissue, and (2) Re- 


productive tissue. 
EPITHELIAL TISSUE 
An epithelial tissue is composed of one or more layers of cells 
which cover an external or internal surface, the cells lie closely connec- 
bstance is very little or entirely aabsent, 


ted and the intercellular su 
= very thin gelatinous basement mem- 


th Imost always Jie on a А 
е сеза i adhere to one another with considerable 


brane. Epithelial cells : 
force, this is due to small bodies called desmosomes, found along the 
cell membranes of adjacen 
In epidermal cells minute ridges and grooves are found on the surface 
of cells, they form int 
has two arms in close con 


the other; these bridges 


tact, each 


4 
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Epithelial tissues are concerned with secretions, respiration, assimi- s 
lation of food and removal of waste products. They may be simple | 
epithelial tissues which are composed of a single layer of cells or they | 
Е may be stratified epithelia! 
INTE RIDGE ^" tissues which are made of 
к several layers of cells. 
According to the shape 
of the cells, four main types 
of the epithelial tissues are 


x 


: AEMBRANES TE = recognized :— 
es Sedo ; (1) Squamous epithelium, 
; t DES MOSOME YARN (2) Cuboidal epithelium, 
At i : (3) Columnar epithelium 
ARM and (4) Ciliated epithelium. 
Fig. 38 A—Desmosomes along cell membranes (1) Squamous epithelium 
of two adjacent cells. has broad, flat cells which 


B—Intercellular bridges between two fit together like tiles on a 
cpidermal cells. Д 

| floor. It is found as а 

| covering of the skin or as a lining of cavities of ducts and blood vessels. 

If a frog is placed in water for an hour or more, a thin membrane 

is sloughed off from the surface of the}skin?which is composed of 
squamous epithelium. 

Stratified squamous epithelium is composed of several layers of 

squamous cells, the basal layer has tall cells which divide to form 
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CUBOIOAL COLUMNAR 
Fig. 39 Simple epithelial tissues. 
other layers towards the surface which become flat. It is found in 
the epidermis of the skin where it forms the stratum germinativum, 
and the lining of the mouth and nose. 
(2) Cuboidal epithelium consists of cube-like cells which are square 
in section, but the free surface appears as irregular hexagons. It is А 
Efound in kidney tubules and many glands, such as salivary glands. 
Stratified cuboidal epithelium has layers of cuboidal cells, it is 
found in the epidermis of some animals where it produces secretion. 
(3) Columnar epithelium consists of cells which are taller than wide, 
with their long sides adjacent, generally the nuclei of these cells are 
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towards their bases, the free ends of cells may have a striated border. 
The electron microscope has shown that the striated border consists 
of a large number of very minute finger-like cytoplasmic processes 
called microvilli. The microvilli increase thé surface area for absorp- 
tion. This epithelium forms the lining of the stomach and intestine. 
Columnar epithelium often forms glands which secrete substances. 
According to their structure there are unicellular glands and multi- 
cellular glands. 1. Unicellular glands or goblet cells are modified 
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Fig. 40 Various types of glands. 


columnar cells which secrete mucus and are found in the epidermis of 
earthworms, and in the intestinal lining of vertebrates. 2. Multi- 
cellular glands are made up of several cells lining the gland. They 
may be alveolar or flask-shaped (in skin of frog), or tubular (intestine 
of mammals) or compound alveolar glands (in salivary glands). 
Alveolar glands have a tubular duct with a rounded expansion at the 
inner end. Tubular glands are tubes of uniform diameter. Compound 
alveolar glands have a duct from which arise several lobed branches 


near the inner end. 
(4) Ciliated epithelium—The 
free border of cells bears thread- 


“like outgrowths of the protoplasm 
called cilia, such cells form ciliated 
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Fig. 42 Stratified ciliated — 
epithelium, = 


Fig. 41 Ciliated epithelium. x 
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epithelium. The cells may be cuboidal or columnar. The beating of 
cilia causes movement of small particles. It is found in the lining 
of the mouth cavity of frog, in the kidney tubules, oviduct, and 
trachea of vertebrates. 'Ciliated epithelium can be easily studied by 
scraping the lining of the mouth cavity of a pithed frog (not chloro- 
formed) by means of a knife. Scrapings should be examined in a 
drop of Ringer’s or salt solution. A modified form of stratified 
epithelium, called transitional epithelium, is found lining cavities and 
tubes that are subject to stretching, for example the urinary bladder. 
Like normal stratified epithelium, it has several layers of cells, but 
the cells can change their shape according to circumstances. 


CONNECTIVE TISSUE 

The main function of connective tissue is to bind together other 
tissues, and to support various parts of the body, it also forms a 
packing around organs. The intercellular substance or matrix is 
large in quantity and forms the main bulk, the cells of connective 
tissue are separated and inconspicuous, thus it is the opposite of 
epithelial tissue in which the cells are many and close together while 
the intercellular substance is negligible in amount. The cells of 
connective tissue are living but the intercellular matrix is non-living; it 
is this non-living matrix which connects and binds other tissues. There 
are five types of connective tissues: 


(a)  Areolar connective tissue—Its matrix is an amorphous ground 
substance, and holds two kinds of fibres, collagen or white fibres, 


MAST CELL LYMPHOID FIBROBLAST 


CELL 
Fig. 43 Areolar connective tissue. 
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and elastic or yellow fibres. The fibres are not produced within 
the cells but at the surface of cells. Collagen fibres are composed 
of parallel fibrils in bundles which do not branch but run in all 
directions in a wavy manner; they are tough and inelastic. 
Collagen fibres have alternate dark and light bands across their 
width. Elastic fibres are thin and fewer in number, they branch 
and their branches join to form a network; they are very elastic. 
The matrix also holds several kinds of cells : 

1. Fibroblasts or fibrocytes are large and flat cells lying 
close to collagen fibres, which they secrete. e 

2. Macrophages or histiocytes are Jarge, irregular cells with 
small nuclei. They can ingest small particles and bacteria and 
at times can wander about in the matrix, thus help killing 
infection. They are first to react with antigens and form an 
integral part of the body’s immune system. 

3. Mast cells are large rounded or amoeboid with granular 
cytoplasm and big nuclei. They produce matrix and contain 
heparin and serotonin. Serotonin constricts blood vessels while 
heparin prevents clotting of blood. 

4. Lymphoid cells are probably white blood corpuscles, they 
are irregular and amoeboid in shape, they wander about and 
engulf bacteria. ў 

Areolar connective tissue is widely distributed, it joins the 
skin to the muscles, it fills spaces inside organs and it is found 
around muscles, blood vessels and nerves. It is of great 
importance in metabolism, in repair after an injury and in 
fighting and destroying foreign bodies and bacteria. 
Adipose tissue—The cells of adipose tissue are characterized by 
droplets of fats in the cytoplasm of connective tissue cells. There 
are two kinds of fatty tissue. In the white adipose tissue-cell, 
there is a single large droplet surrounded by small amount 


С m. The brown adipose tissue-cell, on the other 
апера small droplets of fat, suspended ina considerably 
larger amount of cytoplasm. Whereas brown fat cells contain 
many mitochondria, the white fat cells have comparatively few. 
The colour in the bray fat p a high concentration of 
i ini tochrome рі . 
pur s particularly found in дене sues ‘It 
accounts for 5-6 per cent of the body weight of the pedcs 
rabbit and also of man. Brown fat has a larger capacity for gene- - 
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: Fig. 44 Adipose tissuc. 

| rating heat. It is because of brown fat that new-born mammals 
generally do not shiver in spite of lower temperature outside. 
Adipose tissue may be examined from the fat bodies of frog or 
from the skin of rabbit. 

і (c) Pigmentary tissue—Chromatophores or pigment cells are present 
f in areolar connective tissue of the dermis. Chromatophores are 
t cells with long branching processes, they contain small granules of 
7". pigment; if the pigment is concentrated in the middle of the cells 
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Fig. 45 Pigment tissue. 
the skin looks light-coloured, but the skin looks dark-coloured 
- when the pigment granules are dispersed throughout the cells. 
(d) White fibrous tissue—It has the same essential parts as areolar 
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tissue but it has numerous thick collagen fibres which may be inter- 
woven to form a dense net. The cells are few in number. It is 
found in urinary bladder, dermis and wall of intestine. 

(e  Tendon—At times all the collagen fibres, run paralle] to each 
other and are bound together by areolar connective tissue, the 
only cells present are fibroblasts; such tissue forms tendons. 
Tendons are strong and inelastic; they connect muscles to bones. 

(f) Ligaments—Ligaments are formed mostly of elastic fibres bound 
together by areolar connective tissue with very few cells. They are 
elastic and connect a bone to other bone, and support interorgans. 


SKELETAL TISSUE 
Three kinds of skeletal tissues are : the chordal tissue in the 


notochord, cartilage and bone. Cartilage is avascular and bone is 
abundantly vascular. They form an internal skeleton, protect the 
internal organs, provide attachment for muscles, and act as levers 
for movement of limbs. 

(a) Notochord—The notochord is a rod found in the Chordates. 
In an adult Vertebrate it is partly or completely replaced by the vertebral 
column. The noto- s INNER сас 
chord lies below the , = SHEATH 
nerve cord and is the 
first skeleton to deve- 
lop in the embryo. 
The chordal tissue is 
Unique; it has large 
closely packed chordal 
cells having big vacu- 
oles which are filled 
with a fluid by which Fig. 46 T.S. of notochord. 
the cells are kept 
turgid. Around the vacuolated cells is a single layer of peripheral 
cells, Surrounding the cells is an outer chordal sheath of dense fibrous 
Connective tissue. Later on, the peripheral cells secrete an inner elastic 
sheath beneath the outer fibrous sheath. Sa 

(b) Cartilage—In it the intercellular matrix is firm and abundant, 
it is made of a protein called chondrin having delicate network of 
collagen fibres. The cells of the cartilage called chondrocytes give 
tise to the matrix, they lie in and completely fill fluid-filled spaces 
known as lacunae. Hach lacuna contains one to four chondrocytes. 
Cartilage is surrounded by a layer of fibrous connective tissue called, 
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perichondrium through which nutrition reaches the cartilage by blood 
vessels, there are no blood vessels in the matrix. Below the peri- 
chondrium are cartilage-forming cells called chondrioblasts. They 
divide repeatedly forming new chondrocytes and chondrin. Cartilage 


can be of several types : 
COLLAGEN FISRES 


PERICHONDRIUM 


є 
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Fig. 47 A—Hyaline cartilage. B—Fibrous cartilage. 

(1) Hyeline cartilage—It has homogeneous, translucent, bluish white 
hard matrix, the matrix also contains extremely thin collagen fibres | 
which are not visible easily. Hyaline cartilage is found at the ends 
of long bones, lower ends of ribs, hyoid apparatus and trachea. | 

| (2) Elastic cartilage—The matrix is not abundant and it has mostly 

| yellow elastic fibres and some collagen fibres. It is flexible and 
elastic; it is found in the ear-pinna, epiglottis and the tip of the | 
nose in mammals. 

(3) Fibrous cartilage—The matrix is not abundant and has many 

| inelastic collagen fibres running parallel to one another. It is 
found in intervertebral discs of backbone of mammals. 

(4) Calcified cartilage—It is basically the same as hyaline cartilage, but 
its matrix is impregnated with inorganic salts, particularly calcium 
phosphate or sulphate. Calcified cartilage thus comes nearer to 
„bone and is quite hard. In frog it is found in the suprascapulae. 

(c) Bone—Most vertebrates have a skeleton made largely of — 

bone. Bone has an intercellular matrix having some collagen fibres . 

embedded in a protein called ossein, the matrix is also impregnated 

with phosphates and carbonates of calcium and magnesium whic! 
constitute 30 per cent of a bone and give it hardness and strength. — 

If а bone is put in dilute НСІ the inorganic salts are dissolved out < 

and the organic matter of the bone remains; such a bone is led g 

decalcified bone which shows the details of structure. The matrix 18 10 
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thin concentric rings known as lamellae. Bone cells or osteocytes lie 
between the lamellae. Osteocytes have numerous irregularly branch- 
ing processes which join the processes of neighbouring osteocytes. 
Each osteocyte lies in a fluid-filled space called lacuna, from the 
lacunae arise thin tubules, the canaliculi which join other lacunae. The 
protoplasmic processes of osteocytes pass through canaliculi. Through 
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Fig. 48 Transverse section of a limb bone of frog. 


this communicating network of canaliculi and protoplasmic processes 
the osteocytes receive nourishment from neighbouring cells and pass 
them on to other cells. Surrounding the bone is a thick layer of 
collagenous connective tissue called periosteum. Muscles and tendons 
are attached to bones by the periosteum. 

A long bone has a hollow cavity in the middle which is filled with 
bone marrow and lined with a delicate layer of connective tissue known 
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Fig. 49 A part of the T.S. of a long bone of mammal. - 
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as endosteum. Between the periosteum and the bone is a layer of 
osteoblasts which add new lamellae from outside. A similar layer of 
osteoblasts is present in connection with the endosteum which adds new 
lamellae from the inner side of the young bone. Thus a young bone 
grows in thickness from two sides. The cavity of a long bone is filled 
with bone marrow of two types—yellow marrow and red marrow. Yellow 
marrow, which is abundant in the middle gnd is composed mostly of 
adipose tissue and blood vessels, serves to store fat and gives rise to 
white blood corpuscles. At the two ends is some red marrow, which 
produces red blood corpuscles, and is found only in mammals. Many 
bones of birds of flight contain air-marrow instead of bone marrow. 
Air-marrow keeps the body light and is an adaptation for aerial life. 
The long bones of mammals have a different structure. The 
fundamental structural unit of mammalian bone is the osteon com- 
prising a cylinder with a central canal traversed by blood vessels. 
The central canal is called Haversian canal. Around the canal are 
concentric lamellae, and between the lamellae are lacunae containing 
osteocytes. Canaliculi contain- 
ing protoplasmic processes of 
osteocytes run from one 
lacuna to another. The 
lamellae are penetrated by 
smaller canals through which 
nourishment is supplied to the 
osteocytes. Haversian canals 
of a bone are interconnected 
by smaller canals called canals 
of Volkmann.  Haversian 
canals together with the 
lamellae, lacunae and canal 
culi constitute — Haversian 
system. 
A bone differs from carti- 
idm lage in three aspects :— 
Fig. 50 Cut end ofa limb bone showing (a) the matrix of bone contains 
spongy and compact parts. carbonates and phosphates 
of calcium. 
(b) bone cells are connected with each other directly by canaliculi. 
(c) bones have a network of blood vessels through. which diffusion 
occurs. В 
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Structurally the bones are of two types—spongy bones and com- 
pact bones. The spongy or cancellous bone consists of small pieces of 
bones joined together irregularly with spaces between them which 
contain bone marrow. Compact bone is hasd and solid without any 
spaces, but the two types of bones are basically similar. In long limb 
bones the expanded ends are composed of spongy bone underlying a 
thin outer layer of compact bone, the long shaft is made of compact 
bone. In skull bones, 2 layer of spongy bone lies between two layers 
of compact bones. 

Fluid tissue—Blood and lymph constitute fluid tissue, they differ 
from other tissues in two ways, firstly, the intercellular matrix is a 
fluid called plasma, it is made of organic and inorganic substances 
but it has no fibres. Secondly, the cells of fluid tissue called corpuscles 
are freely suspended in the plasma but are not entirely responsible 
for its formation. (An account of fluid tissue is given in Chapter 10.) 


MUSCULAR TISSUE 

In muscular or contractile tissue the cells are very large and in- 
tercellular substance is very little. Contractility is one of the pro- 
perties of protoplasm but is highly well-developed in the muscle cells. 
These cells bring about locomotion and movement of internal organs. 
Contraction takes place along the long axes of muscles. Muscles^ 
always contract, they do mot expand, but relax to regain their un- 
contracted shape. Three types of muscles are recognised, the dis- 
tinction is based on structural and functional differences, they are 
unstriated, striated, and cardiac muscles. ° 

(1) Unstriated muscles (also called smooth, involuntary, unstriped 
or visceral muscles)—Each muscle fibre is a long, narrow, spindle- 
shaped cell having a nucleus Sivonen 
in the centre, the ends of the 


is surrounded by а small 
amount of cytoplasm called 
sarcoplasm; in the remainder 
of the cell are delicate, contrac- 
tile threads, the myofibrils, NUCLEUS 
running longitudinally. The A 25 
muscle fibres have no surroun- Ts iban id 


i e, but several of Le dem 
ding Ted together in bundles by loose connective tissue. 


Unstriated muscle fibres occur in masses or sheets. They are found 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


88 ANIMAL BIOLOGY 


in the wall of the alimentary canal where cytoplasmic bridges occur 
between unstriated muscle cells, these muscles bring about the passage 
of food, in ducts of glands where they bring about movement of 
secretions, in urinogenifal ducts in which they cause movement of 
excretory and genital products, and in blood vessels where they help in 
the flow of blood. Unstriated muscles cause slow and prolonged 
contractions which are involuntary, i.e. not under the control of the 
will but are controlled by the autonomic nervous system. 

(2), Striated muscles (also called voluntary, striped or skele- 
tal muscles)—The striated muscle fibres are very long, cylindrical 
cells, each fibre is enclosed in a definite but thin membrane called 
sarcolemma below which are many nuclei; a cell with many nuclei 
is known as a syncytium. Each fibre has many longitudinal 
myofibrils embedded in cytoplasm called sarcoplasm which is also 
found around the nuclei, myofibrils are contractile elements. 
Contraction of a muscle fibre is produced by a collective and 
coordinated shortening of all the myofibrils composing it. Each 
myofibril is made of alternating cross striations of light and dark 
or dense discs, these discs of all myofibrils are at the same level in 
a muscle fibre, thus the entire muscle fibre shows alternate dark and 

' light stripes. The dark discs are A-discs and light discs are I-discs. 
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Fig.52 A—Striped muscles. — B—L.S. of a muscle fibre. 
Each I-disc has a thin dark Z-disc or Krause’s membrane dividing it 
into two parts; similarly a light Hensen's disc or H-zone divides an 
A-disc into two halves. The portion between two Z-discs is called a 
sarcomere. Sarcomeres are the units of a myofibril. Each sarcomere 
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secondary myofilaments arranged longitudinally. The primary myofila- 
ments are made of a protein called myosin, while secondary myofila- 
ments are made of another protein known as aetin. Besides actin and 
myosin, the muscle fibres also contain calcium ions, a phosphate 
and adenosine triphosphate (commonly called ATP). The myofilaments 
| are arranged in such а way that each primary myofilament is surroun- > 
| Еред by six secondary ones? but in section two secondary myofilaments 


| 

- has two types of myofilaments, they are coarse or primary, and fine or 
| 

| 


SECONDARY 


Qj |7 MYOFILAMENTS MYOFILAMENTS 


SECONDARY PRIMARY S 
MYOFILAMENTS 7 MYOFILAMENTS 
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| Fig.53 Striated muscles. 
т = f fibril. 

E of Ed showing relaxed myofilaments. 

3—L.S. of sarcomere showing contracted myofilaments. 
ones. In a section the H-zone has only 
A-disc has both primary and secondary 
I-disc has only cad жуойашепы 

ts overlap. On contraction of a muscie ї re the 
ae of a sarcomere slide inwards and join toge- 
ther between the primary ones, thus making the sarcomere somewhat 


е ыз the energy come for muscle contraction? Basi- E 


lie between two primary 
primary myofilaments, the 
myofilaments, while cach 
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cally oxidation of glucose provides energy for muscular activity, but 
this energy is not produced with sufficient speed required for con- 
traction of striated muscles. ATP has one molecule of adenosine to 
which three phosphats radicals are linked, the last two phosphate 
radicals are linked to the rest of molecule by high-energy bonds. ATP 
delivers energy to other molecules by transferring to them one of 
these energy-rich phosphate radicals. The importance of ATP in 
all living things lies firstly in its capacity'to store high energy, and 
secondly in its ability to transfer this energy without loss to other 
molecules. ATP is present in striated muscles also, and when muscles 
contract the ATP and muscle proteins react, the ATP breaks down 
very rapidly, it loses one phosphate radical and is changed into 
adenosine diphosphate (ADP) accompanied by a very rapid release 
of a large amount of kinetic energy. This energy brings about con- 
traction of striated muscles. One phosphate radical is restored to 
ADP with the help of chemical energy released from the break- 
down of glucose molecule, thus ADP is changed into ATP. A 
continuous flow of chemical energy obtained from glucose is, therefore, 
essential to keep the muscles fit and operative. [Also see in Chap. 12, 
Physiology of Respiration.] 

Myosin can act as an enzyme and break ATP into ADP. If the 
muscle proteins, myosin and actin are mixed, they form a complex 
actomyosin. When ATP is mixed with actomyosin, the latter breaks 
down into actin and myosin, the myosin thus formed splits ATP 
into ADP to release energy. In living muscle fibres ATP performs 
a dual role. 1. At rest when myosin is not acting, as an enzyme 
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Fig. 54 T.S. (part) of striated muscle. 
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ATP keeps the muscles supple and extensible, this is also done to 
some extent by calcium ions found in muscles. 2. On being stimulated 
the muscles become rigid, presence of ATP is essential for subsequent 
contraction of rigid muscles by providing exergy. 

Striated muscle fibres run parallel to each other forming groups or 
bundles called fasciculi in which the I and A discs of all the fibres 
are at the same level so that they give the appearance of being striated - 
by alternate light and d&rk stripes. A thin sheath of connective tissue 
called endomysium surrounds each individual muscle fibre. Bundles of 
parallel muscle fibres or fasciculi are enclosed by connectivé tissue 
called perimysium; groups of s 
fasciculi form an entire muscle EM | $t] NUCLEI 
which is enclosed in a sheath of A E 
connective tissue known as 
epimysium which is continuous 


with the connective tissue of INTERCACATER 
tendons. 
Striated muscles havepower- 
ful and rapid contractions 
SARCOPLASM 


which are voluntary, i.e. under i 
the control of the will, these 
muscles are liable to fatigue and 
need rest. 

3. Cardiac muscles—Cardiac = A NS 
muscles show some characters Fig. 55 Cardiac muscles. ^ 
of both unstriated and striated muscles; they are made of fibres which 
are branched, the branches join to form a network. Each fibre is 
surrounded by sarcolemma and has sarcoplasm with longitudinal 
myofibrils which have alternating light and dark bands, at intervals 
the fibres have thick, dark intercalated discs running transversely. 
These discs represent the cell membranes of adjacent cardiac muscle 
cells, thus there are distinct cells, each having its own nucleus. _ 

Cardiac muscles are found in the heart, they go on contracting 
rapidly but rhythmically and involuntarily throughout life and are 


never tired. 


NERVOUS TISSUE i sae 
ich make up the nervous tissue ave very highly deve- 
I aif ue responsiveness and conductivity, though both these 
oped prope protoplasm. In higher animals, there is 


j nd in : 
dde о T receives stimuli from within or outside, 
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and sends impulses to different parts of the body. The nervous 
system is made up of nervous tissue and undifferentiated packing 
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Fig. 56 Nervous базис. 
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i cells between them, collectively known as neuroglia; these are found 
chiefly in the brain and spinal cord. 

The units forming the nervous tissue are nerve cells or neurons and 
nerve fibres arising from the nerve cells. Typically each neuron has 
three parts : (a) a cyton or cell body having a large spherical nucleus, the 
cytoplasm is granular having Nissl's granules made of ribonucleic acid, 
and neurofibrils which form a network of fine threads, it also has ^ 
mitochondria and Golgi body. Nissl's granules give a grey colour 

| to the cell body. Cell bodies are found only in the brain, spinal cord, 
| and in certain swellings cailed ganglia. A collection of cytons forming 
| a swelling outside the brain or spinal cord is known as a ganglion, 
(b) one or more short processes called dendrons arise from the cyton, 
| they branch into many thin dendrites; апа (с) a single long axon or 
axis cylinder process forming fine branches terminally which are 
known as axon endings. The part of the cyton from which the axon 
| arises is often called an axon hillock. The axon may give out one or 
| more side branches called collateral axons. Nissl’s granules are found 
| in the dendrites but they are absent in the axon. Neurofibrils and 
| mitochondria are found in both dendrites and axon. A neuron 
receives impulses by its dendrites which pass into the cyton, and it 
transmits them through its axon. { 
The electron microscope has revealed that the axon endings 
` terminate in tiny knobs known as terminal buttons (or boutons) or 
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Fig. 57: Synapsis between two neurons. 
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synaptic knobs (Fig. 57). The axon endings and terminal buttons lie 
on the dendrites and cell body of the next neuron. The terminal buttons 
are fuil of mitochondria, and also secretory vesicles that produce 
acetylcholine when an impulse reaches them (in some nerve fibres termi- 
nal buttons give off epinephrine and nor-epinephrine). The acetylcholine 
or sympathin causes the impulse to go to the dendrites of the next nerve 


- cell, and a fresh impulse is set up in the dendrites. To stop the impulses 


acetylcholine or sympathin are quickly destréyed by enzymes. 

The axon of a neuron is semifluid, it is covered with a cell mem- 
brane or axolemma seen only under an electron microscope. It is 
further covered by two sheaths, then it is known as a nerve fibre. The 
sheaths consist of an outer thin continuous covering membrane, the 
neurilemma, formed of flat sheath cells or Schwann’s cells. Under the 
neurilemma is a second covering made of fatty and protein materials 
formed by foldings of sheath cells of neurilemma, it is the myelin or 
medullary sheath produced by the axon; it is of a glistening white 
colour. The medullary sheath is not continuous but is interrupted at 
intervals by constrictions called nodes of Ranvier. The part of a nerve 
fibre between two adjacent nodes of Ranvier is called an internode, a 
single sheath cell of neurilemma covers an internode, At the nodes of 

` Ranvier the cytoplasm of sheath cells comes in contact with the axon 
all around to form a cementing disc. A nerve fibre having a thick 
medullary sheath is called medullated fibre and it is white in colour. 
A nerve fibre having very little myelin or medullary sheath is known 
as a rton-medullated fibre or sparsely medullated fibre, it is grey in colour. 
Nerve fibres conduct impulses in one direction only, those which carry 
impulses from receptors to the central nervous System are afferent or 
sensory fibres, and those which carry impulses from the central nervous 


System to the effector or- 
gans (muscles or glands) 
are efferent or motor 
fibres. Several nerve fibres 
bound together in paral- 
lel bundles outside the 
central nervous system 
form a nerve. 

Neuroglia cells form 
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BA [e] a packing between nerve 
Fig. 58 Neurons. cells chiefly in the brain 
A—unipolar. B—bipolar, C—multipolar. and spinal cord, they re- 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 


^ 


TISSUES 95 
semble nerve cells and have long radiating processes but they have no 
Nissl'S granules. 

Neurons are of three types on the basis of the number of processes 
arising from the cell body: (a) Unipolar neurpns have a single axon 
but no dendrites, they are found mostly in embryos. (b) Bipolar 
neurons have a single dendron and a single axon arising from opposite 
ends of a cyton, they are found in the retina of the eye. (c) Multipolar 
neurons have numerous dendrons and a single axon, they are found 
in the brain and spinal cord. 


PHYSIOLOGY OF NERVOUS TRANSMISSION 


It was L. Hermann, a German Physiologist, who suggested some 
100 years ago that a nerve impulse travels along a nerve by a series 
of steps. Among the first to study the response of single isolated 
nerve fibres, some 55 years ago, were E.D. Adrian and B.C. Mathews 
of Cambridge and D.C. Bronk of Philadelphia (U.S.A.). 

Conduction or transmission of an impulse through the nerve cell 
is a wave of negativity that travels along the surface of axon or 
neurilemma. The very idea of such a transmission was given by 
Bernstein in 1902, but the real explanation came in later in 1947 from 
A. L. Hodgkin, A. F. Huxley and Bernard Katz. 

It has been found that the surface membrane of a neuron (or nerve 
cell) is electrically charged and that when a neuron is at rest, i.e. when 
it is not conducting an impulse, the outside of this membrane is posi- 
tively charged against the negative charge on the inside of the axon 
membrane. Moreover, there is a difference of about 70 to 90 milli- 
volts between outside and inside of the membrane. This is called 
‘potential difference’ and the membrane is said to be polarized. The 
Potential difference at the time when the impulse is not passing through 
the neuron is termed resting potential. The direct cause of the resting 
potential is the separation of oppositely charged ions by the axon mem- 
brane. At rest the axon membrane of the nerve cell is non-perme- 
able to the ions outside and inside the membrane, of which there are 
more Nations on the outside than inside. Similarly there are more 
K+ ions inside the membrane than on the outside (Fig. 59). 

The moment an impulse passes through the nerve cell or nerve 
fibre, the permeability of the membrane for the ions suddenly in- 
creases at that point and Nat ions outside the membrane in the extra- 
cellular fluid begin to pass freely into the cell or axon through the 
membrane, Simultaneously K+ ions from the intraxonic fluid 
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diffuse out. As Na+ rush into the cell or axon at the stimulated point, 
the excess of positive ions outside rapidly drops to zero. This means 
that the membrane at this point becomes depolarized. But this is 
only for а few millisaconds. because as more and more positively 
charged Na* ions continue to enter through the membrane, the inside 
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Fig. 59 Physiology of Nervous transmission. 

1. Represents polarized state of the membrane of a nerve fibre when it is ПО 

conducting an impulse. ; 

2. Impulse just beginning to run through. 

S. Showing the passage of impulse; note how resting potential is restored. 

4. Showing how the impulse crosses into another nerve cell at the synapse. 
of the axon membrane becomes positively charged against the outside 
which is now negatively charged. Thus the resting potential is rever- 
sed and it is no longer a resting potential; it is now the action potential 
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(Fig. 59). Action potential is about 30 my., much less than the resting 
potential which was 70-90 mv. 

The negatively charged, stimulated point on the membrane sets 
up a local current with the positive point adjacent to it, and this local 
current acts as a stimulus. Consequently, within a fraction of a second 
the next point on the membrane becomes depolarized and its potential 
reverses from positive to negative. In this way the action potential 
(in other words, the impulse) moves from the point originally stimulated 
to the next point on the membrane. This cycle of events goes on 
repeating over and over again in quick succession and therehy the 
action potential travels point by point on the full length of the nerve 
fibre. in 

As the action potential proceeds on from one point to another 
in a matter of thousandths of a second, the sodium and potassium 
ions trace back to their original situations and soon after, the perme- 
ability of the membrane at the last point (i.e. behind the action potential) 
regains to its maximum. No more movement of ions is possible 
now, in other words the membrane once again becomes polarized and 
resting potential is restored. There are again positive charges on the 
outside and negative charges on the inside of the axon membrane. 

Impulse stops short at the axon endings. How then is it trans- 
mitted to the next nerve cell or the muscle? It may be recollected 
from the description of nervous tissue that nerve cells are functionally 
joined to other nerve cells or muscles by junctions known as synapses, 
At the synapse the terminal knobs of the axon-endings are in contact 
with the next nerve cell in series. Inside the terminal knobs there are 
cles that produce a neurohumor called acetylcholine. 
of a second this chemical passes on into the next nerve 
cell and gives rise to action potential. Acetylcholine thus acts as a 
chemical transmitter. It is destroyed by enzymes cholinesterases оп 
“the spot just after it has served its function or else its presence will 

der prolonged and continuous stimulation. 
keep the contact-neuron under р ата 
Similar events take place at nerve-muscle junction. The secret of 
rcs i transmission was revealed by Otto 
some chemical involved in nerve onay И 
; ize in 1936 with Sir Henry Dale for his 
Loewi, who shared a Nobel Prize In 12; 
work on the chemistry of nerve impulse. Dale had ш acetyl: 


i s in 1914. : s EA ; 
B сс is a circulating tissue consisting of three 
kinds of cells, the red blood cells (erythrocytes) whose function is to 
transport oxygen, the less numerous 
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cytes) whose function is to fight the micro-organisms and defend the 
body against disease, and the platelets or thrombocytes which help in 
the clotting of blood. The matrix or liquid part of the circulating 
tissue is the plasma. Г 

Reproductive tissue—This specialized form of tissue is associated 
with the testis and the ovary. The tissue consists of cells in stages of 
gamete-formation (gametogenesis) and cells that provide nourishment 
to the dividing cells. Cell division in them is;under hormonal control 
and periodical. 


~ TISSUE REPAIR 

During embryonic development as the cells divide and multiply, 

the cells differentiate into various specialized kinds also. This not 
only leads to the growth of the organism but also to the formation of 
different kinds of tissues that make up different organs. Does cell 
division stop after the differentiation and development of organs ? 
No, in the body of the organism, particularly in the multicellular 
organisms, thousands of living cells keep dying or degenerating or even 
ageing. In man, roughly 80,000,000 red blood cells are produced 
every second, while during the same period almost an equal number 
of red blood cells are broken down. Similarly, in man about 
300,000,000 sperms in a 3 ml of semen ejaculate are put out and lost. 
Thousands of cells are sloughed off from the surface of our skin every 
day. Their replenishment is equally necessary. Thus a living orga- 
nism is dynamic and a dynamic equilibrium is maintained, that is, as 
many cells are produced as are lost. In other words, a continuous 
process of waste and repair is essentially a property of the living being. 
A constant supply of nutrients and raw materials for the produc- 


‚ tion of new protoplasm and cells is necessary. Supply of raw 


materials and production becomes unbalanced with the import of 
disease and ageing. The process of renewal and repair goes on un- 
noticed, however, we observe these processes in a mechanical injury 
or burn injury. The conditions and time taken for renewal and 
repair of various tissues vary. For instance, the stratified squamous 
epithelial cells on our skin under the influence of such mechanical 
forces as friction, pressure, wind, water and dust are renewed as quickly 
as they are damaged and dropped. A skin-cut with a sharp-edged 
object calls for a much quicker renewal and repair of local tissues: 
Harder tissues, such as bone, not only take a longer time for repair 
but also need proper setting of the damaged or disfigured surfaces- 


Е a 
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Besides the squamous epithelium of the skin, certain connective tissues 
and liver cells are examples in which repair is instant. 

Repair of epithelia—A scratch, bruise or friction over the skin 
leaves hundreds of cells damaged and dead.© Within 3-4 days new 
healthy cells take the place of damaged and dead cells because the 
epithelial cells of the skin and the underlying tissues have the capacity 
to divide and repair. The time taken for repair, of course, depends 
upon the extent and severity of the damage. Ina minor injury, cell 
division in the surrounding healthy epithelial cells slows down tem- 
porarily, but picks up in a day or two or becomes faster than usual. 
In a major surface injury, such as a cut, first the healthy connective 
tissue cells around the periphery begin to multiply quickly. New cells 
move amoeba-like, converging towards the centre of the injury from 
all directions. This can be seen as a series of tongue-like processes 
| advancing towards the centre. Meanwhile, cell division goes оп in 
| the healthy epithelial cells on the periphery at a quicker rate. New 
| epithelial cells follow the underlying repaired connective tissue from 

above till the surface of the injury is repaired. 

Repair of cuts and incisions—Damage or injury caused by sharp- 

edged instruments. such as knives, scissors, sharpeners and razor- 
blades are called clean wounds and their repair is known as primary 
| healing. Simple cuts which damage the epidermis alone are repaired 
| in a short duration. Immediately after the injury the local epidermal 
| germinal cells divide and quickly multiply, at the same time pushing 

| upwards and taking the place of damaged and dead cells. 9 
| In deep cuts dermis is also damaged. The local connective tissue 
cells, specially the fibroblasts, multiply and lay down connective 
tissue fibres over the injury before cut-capillaries are repaired and 
| blood supply restored into the repaired area. 
| ^ Friction with blunt surfaces, such as walls, doors or earth does not 
| cause deep cuts, but makes an injury spreading in a larger area and 
sufficiently deep to cause light bleeding. Blood oozing from the 
damaged superficial blood capillaries of the dermis clots shortly, 
practically sealing the damaged surface. Dried blood forms a hard 
brown scab. Intense activity continues around the scab and below 
it. The damaged connective tissues and blood capillaries are repaired 
below the scab while the newly-formed epithelial cells creep below 
the scab from all sides. In a few days the scab is let loose and drops. 
cisions require a different treatment and take 


Deep cuts and in eine mU 
longer tee to heal. There is considerable damage of tissues and loss 
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of blood. The cut has to be stitched. Clotted blood is washed 
out in the primary dressing of the cut or wound, only serum fills and 
seals the gap between cut surfaces. In the next 24 to 36 hours the 
surrounding connective tissue cells divide and multiply actively, | 
fibroblasts lay down the foundation and frame-work, while endothelial | 
cells lining the blood capillaries multiply and get organized into fine | 
capillaries. For some time the newly-formed connective tissue and 
blood capillaries remain concentrated around: the periphery. Roughly, 
on the third day the new healthy fibrous connective tissues (chiefly 
collagen fibres) invade the wound in the form of vascular buds till the 
damage is fully repaired. The epithelial tissue of the epidermis is | 
the last to invade and form the surface. On the 7th day, the stitches | 
are removed. A scar is left on the surface. Cause of a scar (mark) 
is the uneven surface formation. | 

Repair of open wounds—healing by granulation—Open wounds | 
are repaired in a different way. It involves the formation of granu- 
lation tissue, hence this form of repair is known as secondary repait 
or granulation healing. 

To begin with the injured cut ends of blood capillaries in the wound 
rise up vertically as blunt papillae or granules and are soon covered 
with newly-formed connective tissue. Amoeboid connective tissue | 
cells keep moving in the vicinity of such vascular granules. Because | 
of these granules the wound develops a pebbled appearance. | 

Next, the fibroblasts multiply and lay down a mesh of collagen and 
elastic fibres criss-crossing the whole of the wound. The vascular granu- | 
lations produce a kind of antibacterial and bactericidal substance | 
that keeps the newly-formed tissues of the wound safe from infection. | 

Proper conditions for healing—Proteins and amino acids are the | 

| 


building blocks of protoplasm. Proper amounts and kinds are | 
essentials of the healing process. The time taken for healing depends 
upon the availability of necessary amino acids and proteins. 
protein-rich diet is strongly recommended to the injured person: | 
Some vitamins also extend a helping hand. For instance, Vitamin 
A is useful for the repairs in the respiratory system. Vitamins A and 
D are extensively used in the healing ointments. Various forms of 
Vitamin B, such as thiamine, nicotinic acid and riboflavin are 655005 ` 
tial for keeping the tissues healthy and reducing pain and inflama- 
tion. Vitamin C is very important for the synthesis of connective | 
tissues and for binding the collagen fibres. Formation of vascular 
granules in the wound and new blood cells is greatly influenced bY 1 
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Vitamin C. Role of Vitamin D in thei 
intestine influences healing of bones. 
mation of blood protein fibrinogen, which is essential in sealing the 
cuts and wounds through the process of blooc-clotting. Monocytes 
(WBC) ате known to supply essential nutrients, proteins, fats and other 
raw materials for healing arid repair. 
Regeneration—We know that all the multicellular or 


| ganisms develop 
from a fertilized cell. Тае egg cell soon after undergoes repeated 


divisions (segmentation), the products differentiate into germ-layers 
from which various tissues, organs and organ Systems develop. ‘Thus 
the specialized cells, to start with are alike, specialization occurs later 
on. Some cells retain the characteristics of a fertilized egg-cell 
throughout their lives. They can multiply and their products can 
become specialized cells. Some multicellular organisms, with such 
cells, can replace their damaged or lost parts, others can duplicate 
themselves as whole organisms. The special characteristic of re- 
placing lost or damaged parts or developing new individuals by 
fragmentation of the body of the organism is termed regeneration. 
Regeneration is confined to lower animals. 

Sponges and hydroid cnidarians (Chapter 21), for example, have 
astonishing powers of regeneration : if a sponge is macerated by 
Pressing it through fine silk or gauze, the separated cells get together 
in groups and grow into new individuals. Given the Tight conditions, 
very small fragments of free-living flatworms (planarians) will rege- 
nerate into new individuals, and in the marine nemertine worm 
Lineus, literally hundreds of simultaneously regenerating individuals 
may be for.ned from a single worm. Strangely, at certain times of the 
Year, these worms develop rings of constriction which cut the body 
up into short fragments. Evidently, me and regeneration 
i ive process in this worm. 

* im pua © кс “з a starfish are cut off, or in nature damaged 
or lost, in due course the damaged or lost arms develop again. 
Amongst higher animals, salamanders are known to have powers of 
regeneration. A leg cut off purposely or accidentally n a 
its original form and size. Amazingly, аце bes t à n 
muscles, nerves, blood vessels and integument, соп n dne MEC 
neration of the leg, as they did during the organ-torm ge o 


embryonic development. 


ation "oc. 
What we Клон Шай dec regeneration depends upon the animal - 


ntake of calcium through the 
Vitamin K influences the for- 
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possessing large number of undifferentiated cells, which, when required 
to do, can multiply and develop into any kind of tissue. The nervous 
system, or rather a chemical substance present in nervous tissue, 
seems to play an important part in triggering regeneration, a fact 
which has been established from a number of experiments involving 
the transplantation of nervous tissue from one part of the body to the 
other. For instance, if a small piece of ventral nerve cord is grafted 
into the body of an earthworm, in favouratle conditions, a head will 
grow out of the side. What this chemical is, we do not know. 

In general every organism, whether low or high, has the power of 
regeneration; what differs is the extent of the power. A leg cut off 
from the frog’s body will never regenerate, though the wound will 
be healed up because frog has a poor power of regeneration. The 
wall-lizard cuts off its tail (autotomy) in defence, the lost part is rege- 
nerated, however, a cut off leg will never regenerate in the same lizard. 
This means that regeneration power is not equally manifested in all 
parts of the body of an organism. Take our own body : a cut on 
the tongue or damage in the liver is healed much more quickly than 
an injury elsewhere. A part of the diseased liver can be removed, 
in due course it will be regenerated. Healing of wounds in our own 
body is in fact regeneration of damaged tissues. Scar left in place 
of the wound is because regeneration there is left incomplete. 


ORGANS AND ORGAN SYSTEMS 


‘The tissues of two or more types combine to form an organ. Ап 
organ is an organised part of the body which performs some special 
function or functions. Several organs unite for a common function 
and they constitute an organ system. The body of a.vertebrate has 
the following organ systems which work in harmony for a пог 
functioning of the body : 


1. Digestive system. 2. Integumentary system. 

3. Skeletal system. 4. Circulatory system. 

5. Respiratory system. 6. Nervous system and receptors 
7. Urinogenital system. 8. Muscular system. 


9. Endocrine system. 
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Questions 


What is the basic difference between epithelial and connective 
tissues ? 


In Mrs way skeletal tissue is different from a typical connective 
tissue n 


How does connective tissue help in the defence against micro- 
organisms ? 


e 
If collagen fibres are removed from the areolar tissue, what 
difference will it make in the changed form ? f 


What kind of fibres make a ligament ? 
What makes the cells of adipose tissue bulge and their cyto- 
plasm taking a peripheral position ? 
Differentiate between.: 

(a) desmosome and lysosome, 

(b) bone and cartilage, 

(c) cartilage bone and membrane bone, 

(d) chondroblast and chondroclast, 

(e) osteocyte and osteoblast, 

(f) white fat and brown fat, 

(g) cancellous bone and compact bone, ` 

(h) muscles of stomach wall and muscles of the thigh. - 
Why do the thigh muscles get tired but not the muscles of the 
ventricle of heart ? 
Explain ‘polarity’ in a nerve cell, 3 
What chemical is released at the axon endings when an impulse 
passes down the axon ? г А 
Describe in detail the structure, function and production of bone 
tissue. 
Explain how a message travels through a nerve fibre. 
How does cartilage differ from bone ІЯ 
Give a detailed account of the connective tissues. ; ; 
Differentiate between а striped muscle fibre and an unstriped 


muscle fibre. 
Which animals have 
Mention the type of cartilage 


air marrow in place of bone marrow ? — 
against each of these organs— 


nose tip ear pinna... -.---: , body of the hyoid of frog........., 
ose tip..... evens be 
intervertebral discs...------ , knee joint.......-. 


. е [— 
es are characteristic о 
аш cells*/ nerve cells/ muscl 
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20. 


21. 


22. 


28. 


29; 


30. 
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Microvilli— 

increase the surface area for absorption*/ help in moving solid 
molecules/ engulf macromolecules/ phagocytise foreign bodies. 
Newly-born mamméis do not shiver in spite of lower temperature 
outside mother’s body because of— 

thick subcutaneous fat/ brown fat deposits* / nourishous 
mother's milk/ skin insensitive to temperature. 

Canals of Volkmann connect— 

‚а bone with another bone/ a bone with the muscle/ the 
Haversian canals of the mammalian bones* / a nerve with the 
bone. 

Restoration of a broken arm of starfish is the phencmenon 
called : metamorphosis/regeneration* /budding/grafting. 
Hardness of bony tissue is due to carbohydrate and : 
phosphate of Na and K/chloride of Na and Ca/Phosphate of Ca 
and Mg*/nitrate of Ca and Fe (CPMT-1988). 

The most important food element for growth and repair of 
tissues is : glucose/protein*/vitamin C (ascorbic acid)/Calcium. 
(CPMT-1988). 

Fibrous tissue which connects bones is : connective tissue / 
tendon / adipose tissue / ligament* (PMT-1990). 
Haversian canals are found in : Ascon type of sponges / internal 
ear of mammals/long bones of rabbit*/ spinal cord of all 
vertebrates. (PMT-1990). 


. ‘Synaptic fatigue is due to : 


(a) release of more adrenaline, 
(b) release of more acetylcholine, 
(c) exhaustion of neurotrans mitter,* 


(d) none. (PMT-1990). 


During regeneration the following takeplace : 

(a) cell division, 

(b) differentiation, 

(c) cell movement, 

(¢) tissue of fferentiation. The correct squence is bacd/abcd/ 
acbd*/ cbad. (PMT-1990). 

Striped muscle fibre has : : 


-single nucleus / several nuc!ei*/ two nuclei / none. 


| (РМТ-1990) 
Muscles which are immune to fatigue are ; skeletal / unstriped/ 
cardiac*/ jaw muscles. (PMT-1991) 
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CHAPTER 8 


SKIN AND THE SKELETON > 


The skin which completely covers an organism and the skeleton 
that constitutes the framework of the body are largely responsible for 
the retention of the characteristic shape of an individual. 


SKIN 

Amphibious mode of life makes the skin of a frog different from 
that of other vertebrates. The skin is tough, slimy, moist and attached 
to the underlying muscles only at intervals by connective tissue fibres, 
thereby leaving spaces between the skin and muscles; spaces are filled 
with lymph. The skin is thicker on the back than on the abdomen. 
Its colour on the back and the legs is dark green with dark coloured 
patches, on the ventral side it is pale yellow. 

The skin consists of two layers, an outer non-vascular, stratified 
epidermis, below which is a layer of vascular connective tissue, the 
dermis. The epidermis consists of several layers of epithelial cells, 
the cells are held together by minute intercellular bridges, each bridge 
; has two arms in close contact, each arm extending from one cell to- 

wards the other (Fig. 38B). The outermost layer called stratum corneum 
is made of flattened squamous epithelial cells, they are living cells. 
ng of active cells a repu рень 

; ighi. Тһе stratum 1 се vide 
*ativum or stratum Mainan pass outwards, while travelling in that 
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almost insoluble in water and on land it prevents an excessive loss of 
moisture, thus the stratum corneum makes an ideal protective cover- 
ing for the body. This casting off of the stratum corneum is called 
ecdysis. A frog kept in?a jar of water for several hours leaves small 
white membranous pieces of stratum corneum made of squamous 
epithelial cells. The epidermis rests on a thin structureless basement 
membrane. The epidermis over the eyes forms a transparent vascular 
conjunctiva continuous with the skin of the eyelids. 


MUCOUS GLANDS 


¢ PCISON GLAND 


STRATUM CORNEUM 


EPIDERMIS ( 

d STRATUM MALPIGHI 
STRATUM 4 : x £g Sst: —CHROMATOPHORES 
€PONGIOSU 1 rr Ez Ё 
' STRATUM 
COMPACTUM 
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3 Fig. 60 Vertical section of skin of frog. 

The skin has two types of glands, they are mucous and poison 
glands, they lie in the dermis but are derivatives of the epidermis. 
A mucous gland is flask-shaped with thick walls, its neck opens to 
the outside by a pore in the epidermis. Mucous glands produce 
mucus which keeps the skin slimy and moist, so that the skin acts as a 


respiratory surface. Poison glands are flask-shaped but have thin walls,” 


they produce a mild poison. Mucous glands in frogs far outnumber 
the poison glands. The latter are mostly situated on the back and the 
legs. Poison glands are specially well developed in Bufo where they 
form two large masses behind the head, they are called paratoid glands 
producing a poison called bufin. 

The slimy secretion of the glands provides a means of defence 
against enemies as it makes the frog’s skin slippery and difficult to 
handle, and the acrid secretion of poison glands acts as a mild irritant. 

Dermis forms a tough, flexible and somewhat elastic layer below 
the epidermis. It is made of connective tissue fibres (collagen fibres) 
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lying mostly parallel to the surface, but vertical bands of collagen 
fibres are also common. Blood capillaries and nerves traverse the 
dermis. Finer branches of nerves pass into the epidermis. Two 
layers can be differentiated in the dermis. „Тһе upper layer having 
a spongy nature on account of glands; loose collagen fibres and 
lymph spaces is the stratum spongiosum. The lower layer is the stratum 
compactum formed of dense connective tissue fibres lying horizontally , 
and vertically, smooth muscle fibres, nerves and blood vessels. 

In the upper part of the dermis are pigment cells or chroma- 
tophores chiefly in the back and the legs. Each cell has an-irregular 
shape with branched processes. Chromatophores have black and yellow 
pigment; they are responsible for the colour of the skin and for 
colour changes to blend with the environment. Colour changes are 
produced by the spreading of the pigment in the cells under the action 
of the secretion (hormone) of the pituitary gland which receives light 
signals from the eyes. In cold, dark and wet surroundings the pig- 
ment in the cells spreads and darkens the skin. Warm, dry and light 
conditions contract the pigment and make the skin lighter. 

Below the dermis is a loose layer cf connective tissue and muscle 
fibres forming a subcutaneous tissue layer. 


Functions of the integument E 
1. The integument forms a protective covering of the body. Its 


slimy mucus covering provides limited protection against eva- 
poration in the air; integument protects the body against foreign 
bodies and against mechanical injuries; the poison glands also 
afford some protection from enemies. x: 

2. The frog does not drink water by its mouth, but required 
water is absorbed through the skin. М 

3. The skin is the chief respiratory organ, its moist surface brings 
about an exchange of oxygen and carbon dioxide between the 
environment (water or air) and the blood. The skin enables the 
frog to respire under water for long periods. During hiberna- 
tion and aestivation it is the only organ of respiration. In the 
hairy frog, Astylosternus robustus, a large number of filamentous 


outgrowths of skin provide additional respiratory surfaces. 


4. The mucous glands keep the integument wet and keep the frog 


from dying of dessication. The mucus also prevents the entry 
of water and substances dissolved in surrounding water. 

5. An evaporation of the secretions of cutaneous glands cools 
the integument, but at the same time the horny stratum corneum | 
prevents any excessive loss of water from the body surface. - 
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The moulting of stratum corneum from time to time removes 
some excretory matter and unnecessary weight from the body. 
The many nerve-endings in the integument make it an eificient 
Sensitive organ. с 

SKELETON 


The skeleton of frog is made of bone and cartilage, it lies below 


the body muscles, hence it is spoken of as the endoskeleton. 


forms 
1. 


2. 


It per- 
the following functions :— ( 

It protects the delicate organs, such as the heart, lungs, brain 
and sense organs from mechanical injury. 

It forms an internal framework which maintains a definite 
shape of the body. 

It provides surfaces for the attachment of skeletal muscles. 
With the skeletal muscles, it forms levers that provide move- 
ments of various parts of the body and the body as a whole. 
Parts of the skeleton help in breathing and hearing. 


Formation of Skeleton 


The endoskeleton of vertebrates is laid down in the form of 


= 


SS PERICHONORIUM 


cartilage in an em- 
bryo. Certain carti- 
lages retain their 
cartilaginous nature 
throughout life, but 


CARTILAGE CELLS most of them 

AT VARIOUS STAGES 
OF BREAKING are replaced Бу 
bones. In addition 


to these, new bones 
develop from other 
sources. ‘Therefore 
bones are of two 


OSTEOGLAST 
BLOOD VESSEL, 


17" DEPOSITED OSSEIN 
57 AND CALCIUM SALTS 


BONE FORMING 
СА, MESENCHYME CELLS 
| оя OSTEOBLASTS 


Tig. 61 : Section of a replacing bone in formation. 


types—(i) replacing 
bones (cartilage 
benes) and (ii) invest- 
ing bones (membrane 
benes or dermal 
bones) Replacing 
bones  aré those 
which are formed by 
the ossification (bone 


formation) of the 
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pre-existing cartilage. The chondroblast cells of the cartilage multiply 
and arrange themselves parallel to the long axis of the future bone, 
calcium salts are deposited in the matrix so that the cartilage becomes 
calcified. Embryonic connective tissue cells galled chondroclasts invade 
and erode the calcified cartilage, thus forming channels which get 
lled with blood and a kind of mesenchyme cells of mesodermal 
origin. These cells change into bone cells called osteoblasts. Тһе, 
osteoblasts secrete osséin protein of bones in concentric layers around 
bars of cartilage to form the bone. The perichondrium of the replaced 
cartilage is now called periosteum. In this way the preexisting 
cartilage is changed into a replacing bone. 
The long bones of the limbs are generally hollow. They are first 
solid, later their central parts are eroded or eaten away by specialized 
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3 
Fig. 62 Skeleton of frog. (Left side only) 
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cells called osteoclasts. The hollowed bones become filled wiht 
fatty bone-marrow cells. Marrow cells are haemopoietic in higher 
vertebrates, i.e. they manufacture blood cells. 

Investing bones or «cnembrane bones are not formed from 
pre-existing cartilage but are laid down as entirely new structures, 
Undifferentiated mesenchyme cells (mesodermal in origin) form an 

‹ interlacing network of cells and collagen fibres, thereafter an amorphous 
matrix is formed between the cells and fibres. Some other mesenchyme 
cells called osteoblasts are laid over the matrix and they secrete ossein 
and calcium salts to form the bone. The osteoblasts are now known 
as osteocytes which lie in lacunae in the matrix. Such bones usually lie 
over the cartilages of the skull, in other words they invest the cartilages 
and are thus called investing bones. 

The endoskeleton of vertebrates is divided into two parts, an 
axial skeleton is that which lies in the long axis of the body and 
comprises the vertebral column, skull, and sternum; and an appendi- 
cular skeleton comprising the skeleton of the limbs and the girdles. 


Vertebral column 

Frog has a bony vertebral column extending along the mid-dorsal 
line from behind the head to the end of the trunk. It consists of nine 
‘oony vertebrae articulated one behind the other, and a long siender 
bony shaft called urostyle. Thus the number of vertebrae is very small. 
The vertebrae from second to seventh have a more or less similar 
Structure and thus provide a typical form, the first, eighth and ninth 
have some outstanding peculiarity and differ from a typical vertebra. 

A typical vertebra has a solid, bony cylindrical centrum or body 
of the vertebra. The centrum presents a concavity in front and a 
convexity behind, such a centrum is known as procoelous (pro =in 
front; coel—a cavity). The vertebrae have the convexity of one 
fitting into the concavity of the vertebra behind. This kind of joint 
or articulation between the centra provides movement in the veriebral 
column. Above the centrum is a neural arch through which the 
nerve cord passes. A neural spine projects upwards and backwards 
from the roof of the neural arch. From the base of the neural arch 
arise two laterally directed transverse processes. All these pro- 
cesses provide surfaces for attachment of muscles extending between 
two vertebrae. 

The ball and socket mode of articulation of the centra provides 
flexibility. But to prevent the vertebrae being displaced and subjected 
to undue bending, there are articular surfaces arising from the neural 
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arch, these are called zygapophyses (singular—zygapophysis) A 
pair of anterior or prezygapophyses is present on the anterior face 
of the neural arch, and a similar pair of posterior or postzygapo- 
physes Is present on the posterior face. Prezygapophyses have their 
articular surfaces facing upwards. Postzygapophyses have a similar 


NEURAL SPINK 


POST ZYGAPOPHYSIS : 


{Ў NEURAL 


ARCH TRAN 
SVERS 
, PROCESS Е 


NEURAL CANAL 


PRE ZYGAPOPHYSIS 
CENTRUM 
Fig. 63 А typical vertebra (third). 
surface facing downwards. The prezygapophyses of a vertebra fit 
beneath the postzygapophyses of the vertebra in front. With the help 
of zygapophyses some movement of the vertebral column in the 
vertical plane is also possible. Between the neural arches of the 
consecutive vertebrae are gaps the intervertebral notches through 
which spinal nerves come out. 

The second vertebra has broad wing-like transverse processes, the 
third and fourth have 
thick transverse processes ; 
the fifth, sixth and seventh 
have slender transverse 
processes. . 

First vertebra or atlas 
is highly modified for 
supporting the skull. It is 
like a ring, consisting of 
a neural arch, and a ARTICUTARITACET 

ugg NEURAL CANAL CENTRUM 
centrum which is very 


much reduced and having Fig. 64 Atlas vertebra. 
a convex face behind for articulation with the concave front face of 


the centrum of the second vertebra. A neural spine is well deve- 


NEURAL SPINS 
Lj 


loped but transverse processes are absent. Only postzygapophyses are - С 
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present for articulation with the second vertebra. Anteriorly, there 
are two large concave articular facets for receiving two occipital 
condyles of the skull. This arrangement provides some movement 
of the head on the vertebral column. 


Eighth and ninth vertebrae—In the eighth vertebra the trans- 
verse processes are thin, and the centrum in addition to a concavity in 
front has a similar concavity behind; such a biconcave centrum is 
termed amphicoelous (amphi —both). The“ninth or sacral vertebra 
has a convexity in front in its centrum which fits into the posterior 
concávity of the VIII vertebra. The posterior face of the centrum 


TRANSVERSE 


CONCAVITIES PROCESS 
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Fig. 65 The eighth and ninth vertebrae (ventral view). 


of the IX vertebra is also convex and forms two rounded knob-like 
elevations placed side by side. Thus the centrum of the IX vertebra 
is biconvex or acoelous. The transverse processes of this vertebra are 
thicker and more strongly built than those of any other vertebra, and 
they articulate with the long ilia of the pelvic girdle. Thus the IX 
vertebra forms a sacrum which brings about articulation of the 
vertebral column with the pelvic girdle. 

The urostyle is a long tapering bone extending from the ninth 
vertebra and resting on the pelvic girdle. On its dorsal surface is a 
ridge or crest, below which is a narrow neural canal for carrying the 
narrow end portion of the spinal cord (filum terminale). In front, it has 
two small concave depressions into which the posterior double-knobbed 
centrum of IX vertebra fits. A little behind the articulation with 
sacral vertebra there may be one or two small apertures—the nerve 
foramina, from which the last pair of spinal nerves come out. Fora- 
mina may be absent or developed only on one side. Urostyle lies in 
the space between the two ilia of the hip girdle. It was supposed 
that the urostyle was formed by the fusion of caudal vertebrae, but 
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= it is not so because it is formediiby ossification of a si 
ү i i у Ж single 
cartilage lying below the notochord in the embryo. gle rod of 


е 


ми CONCAVITIES FOR ` 
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Fig. 66 Vertebral column and its velada with the pelvic girdlc. 
Right—Urostyle (lateral view). 
Functions of vertebral column ч a AD 
Body can be flexed or bent in several ways without displacing 
ing any part. 2 
2 Eee colit surrounds and protects the nerve cord. 
3. It serves as a beam from which the viscera is suspended in 
б the body cavity by. means of membranes. iret 46 | 
4. It supports the head and provides for its movement, e 
5. г ides attachment for the pelvic girdle with which the = 
T я articulate; the attachment helps їп locomotion on 2H 
land or in water. d x i x rie 
^, B.—9 ; z E 
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Skull 

The skeleton of the head is called a skull; it consists of the follow- 

ing parts :— 

1. Neurocranium, itis the cartilaginous cranium or brain box 
containing the brain and the sense capsules developed 
in connection with the nose and ears. 

2. Dermato-or dermocranium, consisting of a number of investing 
bones laid over the chondrocranium and jaws. 

3. Splanchnocranium, comprising the skeleton of jaws and sus- 
pensorium; it also forms ear ossicles and a byoid 
apparatus. 


EXTERNAL NARIS 


NASAL CAVITY 


PALATINE 
CARTILAGE 


SPHENETHMOID 


PTERYGO- 
QUADRATE BAR 


CARTILAGINOUS 


BRAIN BOX 
: FORAMEN PR 
SUSPENSORIUM: MAGNUM OOTIC QUADRATH 
AUDITORY 


, CAPSULE 
Fig. 67 Dorsal view of skull after removing membrane bones. 
(replacing bones and cartilages are shown). 

Chondrocranium is a term used in reference to those parts of the 
Pm box persisting as cartilage in a given animal at any given stage 
of life, 

The skull of a frog has the following regions :— 

1. Cranium or brain box, 2. Auditory capsules, 3. Olfaetory 
capsules, 4. The jaws and suspensoria. 

1. Cranial region or cranium—This region consists of a carti- 
laginous brain box or cranium and the bones developed in connec- 
tion with it. The cranium is an oblong, more or less rectangular 


carti ilaginous box. The roof of the cranium is open at places as three: 
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fontanelles. At the posterior extremity of the brain box is a large 
opening, the foramen magnum, through which the brain joins the 
spinal cord. On either side of the foramen magnum and nearly 
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Fig. 68 Skull of frog. (Dorsal view.) 
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Fig. 69 Skull of frog. (Ventral view.) CAS 
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uniing above and below it are replacing bones, the exoccipitals, z 
` Each exoccipital is produced into a large oval elevation, the occipital 
condyle. The two occipital condyles fit into the articular facets of 
the first vertebra providing movement of the skull on the vertebral 
column. The front part of the cranium is surrounded by a ring- 
shaped replacing bone, the sphenethmoid, its postericr half encloses 
the fore end of the brain and the anterior half encloses the olfactory 
sacs or the organs of smell. The cranium on the dorsal surface is 
covered by fronto-parietals which partly overlap the sphenethmoid. 
.Modern view is that these bones are frontals Only, the parietals ” 
having: been lost owing to the shortening of the skull. There is a | 
. single inverted T-shaped membrane bone on the floor of the brain box 


called parasphenoid, which partly overlaps the sphenethmoid and 
covers the auditory capsules posteriorly. It will be seen that the brain 
box is strengthened by bones on all sides but foramina are left for the 
passage of blood vessels and nerves. 


2. Auditory capsule—It consists of two cartilaginous boxes, the 
anterior faces of which are ossified by a pair of cartilage bones, the 
pro-otics. The auditory capsules are protected behind by the 
exoccipitals. In young frogs each pro-otic is separated from the 
corresponding exoccipital by a Strip of cartilage, but in old frogs the 
two bones are completely united. A knob-like cartilage, the sta- 
pedial plate, is inserted into an aperture of the auditory capsule known 
as fenestra ovalis. In continuation with the stapedial plate is a 
small hammer-shaped columella auris. The stapedial plate and the | 
columella auris constitute the skeleton of the middle ear of frog. 

3. Olfactory capsule— This is situated in front of the brain box 
and has a pair of cartilaginous olfactory or nasal capsules carrying 
the nasalorgans. No part of the nasal capsules is changed into bone; 
they are only covered dorsally by a pair of nasals and ventrally by 
a pair of vomers. The nasals are large triangular bones meeting | 
each other in the middle line, behind which is a diamond-shaped area 
of the sphenethmoid. Vomers lie close to the internal nares; they are | 
irregular in outline meeting each other in the middle line poste- | 
попу, but leaving a part of the floor of the nasal capsules uncovered, | 
The posterior border of each vomer carries vomerine teeth. A pair 
of small Septomaxillary bones together with the outer margin of 
nasals form the boundary of the external nostrils, 

4. The jaws—In frog the upper jaw is firmly fixed to the cra- T 
nium, while the lower jaw can be lowered or raised freely. The 
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Fig. 70 Disarticulated bones of the skull of frog. 

lower jaw is suspended from the upper jaw by a quadrate cartilage - 
which functions as the saspensorium. : 

The upper jaw—It consists of two halves joined in front. Each 
half has an anterior premaxitla which sends an upward process 
towards the nostril. On its ventral surface are a number of conical 
premaxillary teeth. Following the premaxilla is a long maxilla 
forming the side of the jaw; it bears maxillary teeth below. Attached 
to the maxilla and forming the posterior limit of the jaw is a small 
comma-shaped quadratojugal without teeth. ; 

There are two more bones developed in connection with each jaw, 
these connect the upper jaw of each side to the brain box. The 
anterior of these is a transversely running small membrane bone, 
the palatine, extending on the ventral side of the orbit. The other 
bone is a large threc-rayed pterygoid, one ray directed forward and 
connected with the palatine and maxilla, another going backward and 
inward and connected to the auditory capsule, the third ray extends 
backward and outward and is joined to the quadratojugal. 

The suspensorium is formed on each side by a quadrate carti- 
lage which is attached at the posterior junction of pterygoid, quad- Se 
ratojugal and squamosal. The squamosal is а hammer-shaped bone. 
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Close to the quadrate is a ring of cartilage, the annulus tympanicus, that E 
supports the tympanum. Columella auris is attached to the tympanum. 

The lower jaw—Ihe lower jaw consists of two halves or rami 
joined in front by elastic ligament. Each ramus consists of a long 
Meckel's cartilage which is covered over entirely by membrane 
bones; they are an angulosplenia] on the posterior side, and a den- 
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Fig. 71 Lower jaw (half). | Е 
tary in the anterior half. The anterior end of the lower jaw is ossified 
to form a mentomeckelian bone. The posterior part of Meckel’s 
for cartilagems a shallow depression, the articular surface, by which 

the lower jaw articu- 

ive 7 ANTERIOR CORNU [абе with the suspen- 

NS sorium. A little in 

front of the articular 
surface isa slightly 
raised edge of the 
jaw called coronary 
process. There are no 


ALAR PROCESS 428% 


POSTERIOR teeth on the lower 
jaw. 
POSTERIOR 
CORNU The hyoid appar- | 
atus — Splanchnocra- 
nium or visceral skele- | 
Fig. 72 Hyoid apparatus. ton gives rise to the | 


jaws, suspensorium, the hyoid, cartilages of the larynx, and ear ossicles, 
The hyoid of frog is situated in the floor of the pharynx, it 
consists of a thin plate of cartilage called the body of the hyoid; a 
pair of long, curved cartilages arise from the anterior side of the body 
of the hyoid, they are the anterior cornua or horns, they curve back- 
wards, then upwards and are finally connected to the auditory capsules, 
Posteriorly is a pair of smaller and bony posterior cornua or horns. 
Between the posterior cornua lies a glottis, The body of the hyoid 
is produced in front into a pair of large flat alar processes. Similarly a 
pira of smaller processes arise from the posterior side of the body. 
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Summary of skull bones and cartilages 
F —Fused, C —Cartilage, M —Membrane bone, R —Cartilage bone. 


Region |Вопе or Cartilage| Positiofi in the skull | Number 


| —————————— 
————ї —  — —— ee ee 


I. | Cranial | Cartilaginous surrounding the brain 1 С, 
brain, box 
Exoccipitals bounding the foramen 
magnum R 
Sphenethmoid | ring-shaped bone 
(posterior part) | around the anterior 
part of brain 1 R 
Fronto-parietals | roof of cranium 2 |М,Е 
Parasphenoid floor of cranium 1 M 
II. | Auditory |Auditory capsules | surrounding the in- 
ternal ears 2 С 
Pro-otics bones forming the 
anterior faces of 
auditory capsules 2 R 
Columella auris | middle ear 2 R 
Stapedial plate | middle ear 2 С 
III. | Olfactory |Olfactory capsules| in front of the brain 
box and fused with it 2 С 
Nasals roof of the olfactory 
capsules 2 M 
Vomers floor of the olfactory, & 
capsules 2 M 
Septomaxillaries | bounding the external > 
nostrils 2 M 
Sphenethmoid | behind nasal capsules 1 R 
(anterior part) 
IV. er Jaw| Palato-quadrate | overlapped by the 
pas $ -bones of the upper 
jaw 2 C 
Premaxillae at the front edge of 
the jaws 2 M 
Maxillae side bones of the jaws 2 M 


Quadratojugals | at the posterior part 
of the jaw an 
connected with the 
suspensorium 2 
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Region |Bone or Cartilage} Position in the skull |Number Ба: 
Quadrate cartilage at the angle of the 
jaws ‚| 2 C 
Palatines ventral, connecting 
2 the maxillae with 
the sphenetitmoid 2 M 
Pterygoids ventral,  triradiate 
^ forming the bound- 
` ary of orbit 2 M 
Squamosals dorso-lateral, hammer- 
shaped forming a part 
of suspensorium 2 M 
V. | Lower jaw| Meckel’s carti- | forming the articular 
lages surfaces 2 С 
Mento-mecke- | at the tips of the jaws 2 R 
lians 
Dentaries outer surface of the 
anterior half of 
the jaw 2 M 
Angulosplenials | inner surface and 
lower edge of the 
jaw. 2 M 
VI. | Hyoid Body of the | Forming the large 
hyoid plate 1 С 
anterior cornua | anterior processes 
springing from the 
plate 2 С 


posterior cornua | posterior processes 
springing from the 
plate 2 R 


APPENDICULAR SKELETON 


Appendicular skeleton consists of two girdles and the skeleton of the 
fore and hind limbs. In all tetrapoda (four-legged animals), the plan of 
the girdles and the limbs is basically the same but modifications occur 
owing to different modes of progression in different environments. In 
each there is a pectoral or shoulder girdle with which fore limbs articulate, 
Similarly there is a pelvic or hip girdle with which hind limbs articulate. 
The limbs are pentadactyl because typically they have five digits, 
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Pectoral Girdle 
Pectoral girdle is in the form of an inverted arch encircling the 
chest. Dorsally it reaches over the vertebral column covering the 
second, third and fourth vertebrae. The two halves of the girdle 
are united along the mid-ventral axis. Beginning from the ventral 
side, in each half, there is a flat, stoutly built coracoid bone exten- 
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Fig. 73; ZPectoral girdle of frog (ventral view). 
(Suprascapula of one side stretched out.) 
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Fig. 74 Pectoral girdle of frog (dorsal view). | es Жр сч 
ы, (Suprascapulae removed.) xinh. 
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ding up to the glenoid cavity and forming a part of it. The inner 
margins of the coracoids are covered by the epicoracoid cartilages. 
In Rana tigerina the left coracoid slightly overlaps the right on the 
ventral side and the fight overlaps the left on the dorsal side. 
This condition may be reversed in some specimens. In front 
of the coracoid in each half of the girdle, is a thin strip of 
cartilage, the precoracoid, overlaid by a thin transversely running 
investing bone called clavicle. Forming a part of the glenoid cavity 
and passing vertically upwards from it is another stoutly built flat 
bone called scapula. In front and towards the ventral end of the 
scapula is a small projection called acromian process of the 
scapula, Between the scapula and coracoid, in each half, is a flat 
piece of calcified paraglenoid cartilage. The dorsal part of each 
half is formed by a broad calcified cartilage, the suprasca- 
pula, a considerable portion of it is ossified, but its free blade 


consists of calcified cartilage margined by a thin strip of hyaline 
cartilage. 


Coracoid, paraglenoid cartilage and scapula take part in the 
formation of the glenoid cavity. 

‘Connected with pectoral girdle along the mid-ventral axis are a 
few bones and cartilages constituting the skeleton of the sternum or 
breast-bone. The sternum is a part of the axial skeleton; it is found 
in two separate parts in frog—one part is attached to the anterior edge 
of the pectoral girdle in the middle, the other part to the posterior 
edge. The anterior part consists of an inverted Y-shaped bone, the 
omosternum tipped by a flattened cartilage called episternum. 
Posterior part consists of a thick bone bordered by cartilage called 
the mesosternum attached to the posterior part of coracoids and 
epicoracoids. Below the mesosternum is a large flat cartilage, the 
xiphisternum or xiphoid cartilage. 

All the bones in the pectoral girdle and sternum are replacing 
bones, only the clavicle is a membrane bone. 


Pelvic Girdle 


Pelvic girdle is somewhat like a forceps the prongs of which are 
united posteriorly. Each half of the pelvic girdle consists of three 
parts, the ilium, pubis, and ischium. The ilium is produced in 
front into a long stout arm which articulates with the tips of the 
transverse -processes of the ninth vertebra. On the ilium of each side 
is a ridge, the iliac crest. The pubis is posterior and ventral, it is 
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made of calcified cartilage 
which is partly ossified. On 
the posterior dorsal side is 
an ischium bone.  Pelvic : 
girdle of frog is peculiar, ILIAC CREST 
firstly because pubis and 
ischium are small and poorly 
developed, and secondly in 
the fact that the two ischia, 
two pubes, and a part of À 
each ilium unite together to "снілі sympHYsEAL) ": 
form a vertical disc having - ; 

on either side а deep cavity, 


the acetabulum, for the arti- ьоѕге! СНА, 

culation of the thigh bone. повален 
All the three elements of the Fig. 75 Half of pelvic girdle. 

pelvic girdle take part in the (os-innominatum) 


formation of the acetabulum. The lines of fusion are distinctly visible. 
A symmetrical half of the pelvic girdle is called os-innominatum. 

Pelvic girdle is strongly built, consisting of replacing bones (ischium А 
and ilium) and cartilages (pubis is partly ossified). Its stout built is 
in correlation with the modes of progression. Frog swims or takes 
leaps, both of which require great use of the hind limbs. . Consequently 
the arrangement of the bones in the girdle and the articulation of ilia 
with the vertebral column provide a rigid fulcrum on which the legs 
are moved in swimming or leaping. 


Fore Limbs 


The limbs of different vertebrates are modified to meet the require- 
ments of the environment which also governs the mode of progression. 
Frog has two modes of progression swimming and „leaping. The 
fore limbs take very little part in swimming. Leaping is done by the 
hind limbs, but at the end of each leap a great part of the shock has to 
be taken by the fore limbs, therefore, the fore limbs are short but stout. 

The bones of the fore limbs are all cartilage bones. The long 
bones are capped with articular cartilages. There is a single hume- 
rus bone in the upper arm, it has a proximal head which is convex 
and smooth and it articulates with the glenoid cavity of the pectoral 
girdle. Head is covered with calcified cartilage. Below the head is a 
long shaft with a strong deltoid ridge extending along the proximal 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


124 . ANIMAL BIOLOGY 


half of the shaft. At the distal end the humerus has a round ball-like 
condyle or capitulum. On either side of the condyle is a prominent 
condylar ridge or trochlea, the inner one being larger of the two 
especially in the male frog. 

".. Fore arm has a 
single bone, the 
radio-ulna, represent- 
ing fused radius 
->A NETACAREALS and ulna. The fusion 

is distinctly visible 
CENTRALE (PROXIMAL CARPALS in its distal half 
metacanPalt 9] Unanet where there is a 
 - as, BIOOVe imperfectly 
$ Алатай stna dividing the two 
ў bones. Proximal end 
of the radio-ulna is 
concave for articul- 
ation with . the 
condyle of the hume- 
Fig. 76 Fore limb of frog. rus. This articulation 
constitutes the elbow-joint behind which the ulna projects backwards 
as an olecranon process. Distal end is incompletely divided into two 
articular surfaces. 

In the wrist (carpus) there are five carpals in two rows. The first 
row has a radiale in front of the radius part, and fused ulnare- 
intermedium in front of the ulnar part. In the middle of carpus is 
a centrale. The second row of carpals has a first carpal and a com- 
pound carpal formed by the fusion of second, third and fourth 
carpals. Some workers hold that ulnare is absent. The palm contains 
five metacarpal bones. The first digit is a rudimentary pollex or thumb 
which does not project from the hand, being enclosed in the skin, and 
there are four complete digits, the Ist and 2nd digits have two 
phalanges (singular—phalanx) each, and the 3rd and 4th have three 


each. The phalanges may be represented by a phalangal formula 
0, 2, 2, 3, 3. 
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Hind Limbs 
Hind limbs are much longer and more powerful than the fore 
limbs.. Swimming and leaping of frog require greater effort of the hind 
limbs than the fore limbs for which an increased length of the hind 
limb is a distinct advantage. During leaping the bent hind limbs 
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are straightened out quickly with the broad surface of the foot 
pressed against the ground, thus it works as a strong spring providing 
a thrust that throws the entire body up in the air, the fore limbs bear 
the weight of the body when the frog lands. There are also other 
adaptations in the skeleton for leaping and landing; the pelvic girdle 
which receives the shock in jumping is greatly elongated; the urostyle 
lying in the middle of the pelvic girdle forms a shock-absorbing bar; ` 
the number of vertebrae is very small; a much-enlarged pectoral 
girdle encases the chest region; and the vertebrae have stout trans- 
verse processes but no ribs which would break in landing. 

The bone in the thigh of frog is a long slender femur expanded 
at both ends and curved slightly in a sigmoid manner, its proximal 
end of calcified cartilage is more or less rounded and fits into the 


TARSAL) 


алум.ьмаә 


TARSALS 2+34% 


CALCANEUM 
Fig. 77 Hind limb. 


acetabulum of the pelvic girdle. The distal extremity of calcified 
cartilage is expanded and articulates with the bones of the shank. 

Bones of the shank form a single tibio-fibula; this is the longest 
bone in the body, it is slightly curved and has laterally expanded 
ends of calcified cartilage. Along the greater part of tibio-fibula is a 
groove indicating the fusion of inner bone tibia and outer bone fibula. 
The proximal end articulates with the femur forming the knee-joint. 
The distal end articulates with the ankle bones. 

“The tarsus or ankle has five tarsal bones in two rows. The 
proximal row has two long bones united together at both ends but 
widely separated in the middle; they are an astragalus (or tibiale and 
intermedium) towards the innér side, and a calcaneum (or fibulare) 
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towards the outer side. The elongated astragalus-calcaneum 
makes the ankle quite long, because of this long ankle the frog 
can leap long distances, one leap may be up to 3:5 metres. In the 
middle of tarsals is a centrale. The second row of tarsals has two 
bones, the first tarsal and a large compound tarsal formed by the 
fusion of 2nd, 3rd and 4th tarsals. Fifth tarsal is absent. Some 
workers state that the centrale is absent, and the three distal bones are 
lst, 2nd and 3rd tarsals. The sole or metatarsus contains six meta- 
tarsals, the first is a minute extra toe called pre-hallux or calcar 
which does not project from the foot, being enclosed inside the . 
skin. There are five complete digits, the first is called hallux. Digits 
have 2, 2, 3, 4, 3 phalanges respectively beginning from the calcar 
side. The metatarsal of the calcar also has one phalanx. 


Homologies in appendicular skeleton 


There is a serial homology or structural correspondence in the two 


girdles and two limbs respectively. In frog the homologous parts 
may be summarized as below :— 


Lu DIO D: —— np —— — 


Pectoral girdle Pelvic girdle 
1. | Scapula Ilium 
2. | Precoracoid and clavicle Pubis 
3. | Coracoid Jschium 
4. | Glenoid cavity Acetabulum cavity 
Fore limb Hind limb 
1. | Upper Humerus | Thigh | Femur 
arm 
2. | Fore- Radio-ulna Shank | Tibio-fibula | 
arm | 
3. | Hand Қа) Wrist Foot | Ankle | 
Radiale | proximal Astragalus | 
Ulnare j row Calcaneum 
Centrale Centrale 
Carpal 1 distal Tarsal 1 
Carpals 2,3,4 J row Tarsals 2, 3, 4 
d cupa Metatarsals 
c) Digits Digits 
Phalanges Phalanges 
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Fig. 78 General plan and homology of bones of limbs and 
girdles of vertebrates. 
A—Pectoral girdle and fore limb. 
B—Pelvic girdle and hind limb. 


The Joints 


In the skeleton of limbs we have come across joints such as elbow, 
knee, wrist, ankle, and joints between the humerus and the glenoid 


cavity of the pecto- 
ral girdle. It is 
at these places that 
two or more bones 
are movably arti- 
culated. In the 
shoulder joint the 
glenoid cavity 
forms a concavity 
into which fits the 
convex head of the 
humerus. The arti- 
cular surfaces of 
the bones are 
covered with a 
layer of cartilage 


SYNOVIAL CAVITY 
AND FLUID BONE 


CARTILAGI 
CAPS 


SYNOVIAL 
MEMBRANE 


IGAMENT- 
SYNOVIAL ы 
CAPSULE 


Fig.79 Diagram of a synovial joint. 


ә 


forming cartilage caps. There is a space between the articular - 
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surfaces filled with a viscid lubricating fluid called synovial fluid; the 
fluid-filled space being the synovial cavity enclosed within a mem- 
branous synovial capsule; the covering membrane is the synovial 
membrane. The articulating bones are fastened together by liga- 
ments consisting mainly of yellow elastic fibres. 
A variety of movements are required in the body of a vertebrate, 
consequently there are several types of joints. Basically they are of 
three types—perfect, imperfect and immovable. 


А 
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: вз 
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p s 24, LIGAMENTS 
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c] PS 
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: 5 4 ae % 
SADDLE M tur Sanand ; 


(THUMB) GLIDING 
; (FOREARM AND WRISTS) 


о, A 
€, © 
IMMOV pan us 
/ MOVABLE ‘PIVOT 
(SKULL BONE OF MAN)  (SKULL AND 2nd. (GUMRERRECT 
VERTEBRA OF RABBIT) ' or BAMPHYSIS 


| OF RABBIT) 
Fig. 80 Various types of vertebrate joints (arrows show the 
range and direction of movements of the joints). 
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Perfect joints—Perfect joints are those which have typical 


structures as described above. They allow movement in more than 
one plane and are of five types. 


(a) 


(b) 


(с) 


(4) 


(е) 


2. 


Ball and socket joint—In such joints*whereas one of the bones 
forms a socket, the other forms a ball fitting into the socket. 
The bone with a head can be moved freely in a number of 
directions. Shoulder and hip joints are of this type. 
Hinge joint—Hinge joint is that which allows movements 
only in one plane. Elbow joints and knee joints and joints 
between phalanges of fingers and toes are hinge joints. 

Pivot joint—In this type one of the two bones is fixed and the 
other moves freely over it. It is like a geographical globe rotating 
freely over its axle. In man the skull moves over the odontoid 
process of the second neck vertebra thus forming a pivot joint. 
Gliding joints—These are formed by zygapophyses by mefns 
of which vertebrae can glide one above the other. Such a 
joint is also found in our wrist between the bones of the fore- 
arm and the wrist. In pronation (palm facing downwards) 
the radius remains towards the inner side and ulna outside, 
but when the hand is rotated to the condition of supination 
(palm facing upwards) the radius slides over the wrist bones * 
and comes to tbe outside. 

Saddle joint—It is very much like the ball and socket joint 
but neither the socket nor the ball are fully developed. Saddle 
joint is present between the metacarpal of the thumb and the 
corresponding carpal. It is because of this kind of joint that 
the thumb can be rotated in many directions. 

Imperfect joints—Joints without a synovial capsule or con- 


e 


necting ligaments are called imperfect joints. The joint between the 
ilium of pelvio girdle and the transverse process of the sacral vertebra 


is an imperfect joint. : 
3. Immovable joints—Ihe immovable joints have: no synovial 


capsule or ligaments. 
of the skull are jointed to one ano 
are called sutures. 


No movement is possible at such joints. Bones 
ther by immovable joints which 


Important data of human skeleton 


Total number -of bones 206. Axial skeleton—80 bones. | 
(а) Skull: 28 split up into 8 of cranium, 14 of the face, including 


lower jaw, and 6 ear ossicles. 


| (b) Hyoid bone 1. 
A.B.—10 
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(c) Vertebral column 26—Cervical 7, thoracic 12, lumbar 5, 
sacrum 1, coccyx 1, [Some anatomists count 33 vertebrae 
thus : cervicals 7, thoracics 12, lumbars 5, sacrals 5 (fused 
into one piece), coccyx of 3,4 ог 5 small vestigial tail 
vertebrae ( joined into a single piece).] 

(d) Sternum and ribs 25—sternum 1, true ribs 7 pairs, false ribs 
5 pairs, 2 pairs of which floating. 

Р 

Appendicular skeleton—126 bones. 

(a) pectoral girdle—clavicle 2, scapula 2. 

(b) fore limbs—60 

(c) pelvic girdle—2 ossa coxae. 

(d) hind limbs—60. 

Male pelvis is deep and funnel-shaped with narrow pubic arch. 

Female pelvis is shallow, broad and flaring with wider pubic arch 


and larger iliosacral notch. 


Questions 


l. Cells of stratum corneum of frog are said to be ‘living’. Why ? 
2. Name the ‘strata’ in which the skin of frog is usually differen- 


tiated. 


3. What problem would it have been if the VII vertebra of frog 


4. What is the position of postzygapophyses of VII v 


5. Differentiate between : 


11. 


were amphicoelous ? 


‘relation to zygapophyses of VIII vertebra ? ore E 


(a) urostyle and filum terminale 

(b) squamosal and pterygoid of frog 

(c) neurocranium and chondrocranium 

(d) sphenethmoid and parasphenoid 
Enumerate the replacing bones in the skull of frog. 
Explain jaw suspension in frog. 
- What part of hyoid apparatus : 

(a) is made of bone ? 

(b) reaches the auditory capsule ? 

(c) supports the tongue ? 
Compare the skeleton of wrist with that of ankle in frog. 
What kind of joint helps in ‘nodding’ ? 
Draw dorsal and ventral views of the skull of frog. Indicate 
various kinds of skeletal elements by different colours. 
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12. 
13. 
14. 
15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 
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Explain homology using the appendicular skeleton as an example. 


Describe the vertebrae of frog. 


Number of bones in the arms of Man is 160/60* / 120 / 40. 
Wrist joint of man is an example of— о Ё 
hinge joint / gliding joint* / saddle joint. 


Calcaneum bone is— 


girdle. 


a bone of the skull of frog/ankle of frog* / wrist / pectoral - 
e 


Cells of stratum corneum secrete a hormone which— 


(1) controls ecdysis, 


(2) inhibits cell division in the cells of the germinativum layer,* 
(3) causes colour changes in the skin of frog, 
(4) none of the above statements is correct. 


Astylosternus robustus is— 


a mammal/, an amphibian*/bird/fish. 
In the cranium of frog which of these is a replacing бопе * 
Exoccipital* /parasphenoid/vomer/pterygoid. (CPMT -1988) 
Strongest muscle in the body is present in the : 
arm/neck/jaw*/ thigh. (СРМТ-1989). 


Skull of frog consists of : 
(a) cranium and sense capsules, 
(b) cranium and jaws, 


(c) cranium, sense capsules and jaws* 

(d) sense capsules and jaws. (PMT—1990) 

Almost all bones provide protection to soft body parts, but which 

of the following is concerned with an entirely different function : 
Malleus*/ radius/ rib/ atlas vertebra. (РМТ— 1990) 
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. DIGESTIVE SYSTEM 


The digestive system includes the various organs concerned with 
taking-in of food, then digesting and absorbing it into the body. 
This is done by a tube, 
the alimentary canal and 
the digestive glands asso- Rie tn stir ere es 
ciated with it. A gland WG «а 
is ап organ which secretes 24 SS aes 


some substance useful to 7 Е 
А 


the body. ш 


узу: 
Alimentary canal—The 

alimentary canal is a 
long coiled tube con- 
sisting of a bucco-pharyn- 
geal cavity, pharynx, 
oesophagus, stomach, 
duodenum, ileum, rectum, 
and cloaca. 


i aS a ua aia 


Bucco-phar yngeal 
cavity—Ihe mouth leads 
into a large space called 
the oral cavity or bucco- 
pharyngeal cavity into 
which food is taken. The Fig. 81 Position of tongue in frog catching 


food of a frog consists of ENDS otou d 
insects and worms which B—Insect sticks to it. 
it swallows whole; for this, C—Tongue returned. 


ptas 


É ME i, 2 
I Noa ur з T COPS PU PRINS E РРО РАА 


the mouth hasa wide gape. The mouth is between two jaws, of which 


Virus 
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the upper jaw is fixed but the lower jaw is movable. Inside the oral 
cavity is a tongue covered with mucus. The tongue is attached at 
its front end to the anterior margin of the lower jaw and the posterior 
end is free and bifid. The tongue is usedofor capturing live food. 
When an insect is within reach, the mouth 
opens and the tongue is shot out with great 
speed and the prey sticks to the tongue « 
which is now withdrawn. On opening 
the oral cavity it is seen that teeth are 
present in a single row on the upper jaw 
only. These are maxillary teeth, besides 
which there are two more patches of teeth 
on the roof of the oral cavity, they are 
vomerine teeth. All teeth are curved back- 
wards, they are small and sharp and are 
attached to bones. Teeth are not used for 
. chewing but they prevent the escape of 
ЕШ. 82 L-STofaltooth: live food. A tooth is conical and consists 
of a base and a crown. The base is formed of bone but the crown is 
made of a hard ivory-like substance called dentine; the cap of the 
crown is covered by à harder: material, the enamel. The tooth hasa « 
pulp cavity which is filled with living cells, blood capillaries and nerve 
fibres, collectively called pulp. The teeth gét worn out and fall, but 
in frog they are constantly replaced by new teeth. 

In front of the vomerine teeth is a pair of openings called inteznal 
mares or nostrils which are continuous through nasal sacs with the 
external nares. On the roof of the oral cavity the eyeballs form two 
prominent inpushings. Behind the inpushings of the eyes the oral 
cavity passes imperceptibly into a pharynx, there being no differen- 
tiation between the buccal cavity and the pharynx in a frog, hence the 
entire cavity is more correctly called a bucco-pharyngeal cavity. In 
the roof of the pharynx are two openings of Eustachian or pharyngo- 
tympanic tubes which lead into the ears. In the middle of the floor of 
the pharynx is a vertical slit called glottis, which takes air into the ; 


they асі as resonators Z. ‹ ; 
pharynx has a wide opening called gullet which leads into an oeso-- 


phagus. The gullet remains closed except when food is swallowed. At 
the tip of the upper jaw are three depressions or fossae into whic 
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2 Fig. 83 Bucco-pharyngeal cavity of a male frog. 


three corresponding elevations of the lower jaw fit when the mouth i is 
closed; the central elevation is called tuberculum prelinguale. 

Oesophagus—The gullet opens into a broad but short oesophagus; 
it can be distended, and its lining forms longitudinal folds; it enters 
into the body cavity and meets the stomach. 

Stomach—The stomach is a broad tube; its upper end is the 
cardiac stomach, and the somewhat narrower lower end is the 
pyloric stomach. The stomach is suspended by a mesentery into the 
left side of the coelom; its internal lining has longitudinal folds. 

Intestine—The stomach leads into an intestine and between the 
two is a slight pyloric constriction which has a muscular valve, inter- 
nally known as a pyloric valve, which regulates the passage of. 
food into the intestine. The first part of the intestine is the duode- 
num which curves upwards to form a U with the stomach. The 


duodenum is followed by a coiled ileum; the duodenum and ileum are 


~. Si ча S E 
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Fig. 84 Digestive system of frog. 

together called the small intestine. ‘The internal lining of the small 
intestine forms transverse folds in the duodenum and longitudinal 
folds in the ileum. The ileum opens into a wide tube, the rectum, 
which passes into a cloaca, the two together constitute the large in- 
testine. The cloaca opens externally by a cloacal aperture. Ven- 
trally the cloaca receives a thin-walled, bilobed urinary biadder. 

Glands—Besides numerous small glands in the mucous membrane 
lining of the alimentary canal, it also receives the secretions of two 
large glands—the liver and the pancreas. 

Liver—The liver is a very large reddish-brown gland lying in the 
fore part of the coelom, it consists of a right and a left lobe ando 
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a small median lobe which unites them. The left lobe is larger and 
cleaves into two. Between the two lobes lies a green, round gail 
bladder. The liver produces a greenish-coloured bile, which collects 
into numerous hepatic ducts, which join, and open into cystic ducts 
attached to the gall bladder. The hepatic and cystic ducts lead into 
abile duct which opens into the duodenum. 
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Fig. 85 Relationship between pancreas, liver, gall bladder and digestive tube. 
Pancreas—Attached to the mesentery, between the stomach and 
duodenum, is a cream-coloured pancreas formed of many small lobes. 
The lobes produce the pancreatic juice, which is carried by many small 
pancreatic ducts. These ducts join the bile duct. The bile duct 
passes through the pancreas and is then known as the common bile 
duct (=ductus choledochus) or hepato-pancreatic duct. 
Histological Structure 
The wall of the alimentary canal is made of four layers—an 
outermost visceral peritoneum, however it is absent in the oesophagus; 
below this is a layer of muscles; followed by a layer of submucosa; 
and an internal lining of mucosa or mucous membrane. 
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1. The visceral peritoneum or serosa is the outermost membranous 
covering of connective tissue, it is the inner boundary of the coelom. 

2. Under the peritoneum are involuntary muscles in two layers— 
an outer layer of longitudinal muscle fibres, and an inner layer of 
circular muscle fibres which is thicker {һап {Не former. 

3. Below the muscles is a thick layer of loosely packed connective 
tissue known as submucosa. It contains fine blood vessels, lymph 
vessels and nerves. д 

4. The mucous membrane ro mucosa forms the internal lining of 
the alimentary canal. It has three regions, a thin muscularis mucosae 
made of connective tissue and involuntary muscle fibres, then a thin 
lamina or tunica propria of connective tissue, lymph and blood vessels, 
and lastly there is a mucous membrane made of columnar epithelial 
cells supported by a thin basement membrane, Some of these cells 
have cup-shaped cavities; they are called goblet cells and produce 
mucus. The mucosa is thrown into folds which in a transverse 
section look like small fingers and are called villi (singular-villous). 

Gesophagus has the above histological structure but it shows 
some differences. It contains both voluntary and involuntary muscles, 
and there is no muscularis mucosa. In the submucosa are mucous 
glands, its mucous membrane is made of stratified squamous epithelial 
cells, the innermost layer of these cells is ciliated, the cilia help in 
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Fig. 87 Histology of stomach. A—Transverse section (whole). 
B—A"part magnified. C—Gastric glands. 
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Fig. 88 Transverse section through‘ ileum. 
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swallowing. In between the ciliated cells are some goblet cells which 
produce mucus; it also has some gland cells which produce an enzyme 
whose active form is called pepsin. 

Stomach—Various layers in the stomaqh are thick, especially 
the circular muscle layer and mucosa. The muscularis mucosa is 
thick and two-layered with an outer layer of longitudinal muscle fibres 
and an inner layer of circular muscle fibres. The mucosa is folded , 
and has many layers of eells, these cells are invaginated into the sub- _ 
mucosa to form countless small tubular gastric glands which may be 
branched. Gastric glands produce a proenzyme called pepsixogen, 
hydrochloric acid and mucus. 

Duodenum has the same structure as the ileum, but its muco 
forms transverse folds; hence in a transverse section, the villi appear 
irregular and' branched. Mucosa cells secrete an intestinal juice. 

In the ileum the muscle layers are thin, the muscularis mucosa 
has only:one layer of fibres, and the mucosa has tall columnar epi- 
thelial cells in a%single row; between these cells are some goblet cells , 
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which produce mucus. In a transverse section the villi appear smooth. 
The mucosa cells secrete the intestinal juice. 
In the large intestine the muscle layers are thin but consist mostly 


of voluntary muscles, anq, the mucosa forms small insignificant longitu- 
dinal folds. 


Liver 
: The liver is the largest gland in the coelom. Each lobe of the liver 
is a composite mass of very small lobules. The lobules have large 
polyhedral and cubical hepatic cells, each cell has a large nucleus and 
granular cytoplasm. Hepatic cells secrete bile. Spaces between lobules 
contain connective tissue, bile capillaries, hepatic ducts, blood 
sinuses and blood capillaries. Some cells may show particles of 
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Fig. 90 Transverse section (part) of liver 
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glycogen, a reserve food material and others may have yellow granules 
of urea, a waste product. [Also see chapter 32] 


Pancreas 

The pancreas is a diffuse gland formed of branching tubules, their 
terminal swellings are called alveoli, these form clusters of glandu- 
lar cells called acini or lobules, each having a ductule or lumen. The X 
cells of the pancreas age columnar or cuboidal epithelium, they have 
large nuclei and clear non-granular cytoplasm. The ductules lead finally 
into pancreatic ducts which join the common bile duct. Between the 
lobules is connective tissue containing blood and lymph vessels, and 
nerves. 'The pancreas produces pancreatic juice containing various 
enzymes which bring about digestion of proteins, carbohydrates and fats. 

Irregularly distributed among the alveoli are small, compact 
groups of pale cells which are pancreatic islets or islets of Langerhans. 
They are present in large numbers, their cells are small, prism-shaped, 


a 


а secretion called a hormone, 
hormone is transported with blood. 

The islets of Langerhans produce 
glucagon. Both insulin and gl 
trols the oxidation of sugar Ш | 
Insulin also controls the storage of 


hormones called insulin and 
ucagon are proteins. The insulin cons — — 
the blood to produce heat and energy. = 
glycogen in the liver and muscles - 


Jet 
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by helping to convert excess glucose into glycogen, i.e. glycogenesis. 
Deficiency of insulin causes a condition called diabetes mellitus in which 
the sugar cannot be oxidised, so it circulates in the blood and when it 
is too much it passes outwith urine, causing a disease called glycosuria. 
Reserves of glycogen then become exhausted, so the proteins and fats 
are broken down to provide energy and this causes muscular weakness, 
loss of weight, and finally loss of consciousness known as diabetic 
coma. Hormone glucagon is antagonistic 16 the effects produced by 
insulin. Thus glucagon stimulates glycogenolysis, or breakdown of 
glycogen into glucose and raises the level of blood sugar. 
glucose =; glucose-6-phosphate =, glucose-l-phosphate => glycogen 
reactions from left to right —glycogenesis 
= » Tight to left —glycogenolysis 
Animal Food 

A railway engine requires coal and water for producing steam 
which drives it. Similarly the body of an animal requires fuei which 
is burnt to provide energy for various activities of an animal. Food 
is essential for a living organism, which, by slow oxidation, provides 
energy, and at the same time is responsible for growth and repair. 

Some animals feed exclusively on vegetable matter and are said to 
be herbivorous, while others feed on animal matter and are carni- 
vorous; some feed on both animal and plant substances, they are 
said to be omnivorous. But animals cannot manufacture their own 
food as plants do, they require already manufactured organic mate- 
rial$ as food which they obtain by eating plants or other animals or 
both. Whatever the food of an animal may be, it must have essential 
chemical substances to provide energy and form new protoplasm. The 
substances commonly found in food are proteins, carbohydrates, fats, 
water, inorganic salts, and vitamins. They are essential parts of pro- 
toplasm and a brief account of most of these substances has been 
given in connection with protoplasm. 

Inorganic salts are second class body-builders, though they occur 
in small quantities in food. Common salts used are chlorides, sul- 
phates, phosphates and carbonates of sodium, potassium, calcium and 
magnesium. Iron salts are also used. 

Water is an important part of food because it forms a large pro- 
portion of protoplasm, it is used as a solvent for many substances. 
Water is obtained by drinking and as a part of many food substances, 

Vitamins are complex organic substances which are found in 
various foods. Most vitamins are present in plant tissues, though 
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Some are found in animal tissues also. Animals cannot synthesize 
most vitamins, they are dependent on plants for them, but several 
vitamins such as vitamin B are synthesized by bacteria presentin the 
intestine. Vitamins are'essential for growth, metabolism, maintenance 
` of health, and for full utilization of food. The chemical nature of 
- vitamins is now known and they can be made synthetically. Vitamins 
are found in very minute quantity in natural foods, yet their absence 
from diet prevents normal growth and causes several deficiency diseases. 
Vitamins have been named after letters of the English alphabet. 
Vitamins are divided into two types, (a) fat-soluble vitamins are those 
which dissolve readily in fatty alcohols, they are vitamins A, D, E 
and K, (ADEK) (b) water soluble vitamins dissolve in water, they are 
vitamins B and C. Some common vitamins are described here :— 

Vitamin A (antixerophthol) is found in fish liver oils, eggs, milk, butter, 
leafy vegetables and carrots. It keeps various mucous membranes in 
good state, keeps the eyes healthy, and permits normal growth of the 
Skeleton. Its deficiency in diet stunts growth, delays sexual maturity, 
eyes are impaired which may result in xerophthalmia and night 
blindness, 

Vitamin B is a complex of several vitamins which are generally 
found together in foods, in animals they can also be synthesized by 
intestinal bacteria. 

Vitamin B, (thiamin) occurs in fresh vegetables, fruits, milk, eggs, 
nuts, leguminous seeds and yeast. It speeds up metabolism of starch 
and sugar, plays an important role in tissue respiration, tones the 
nervous system, improves appetite and promotes growth. Its absence 
causes loss of appetite and vigour, and beri-beri, a disease of the nerves 

Vitamin B, (riboflavin and nicotinic acid or niacin) is found in 
meat, liver, eggs, yeast, green vegetables, wholemeal flour and malt. 
It is essential for growth and for nerves; as an active part of many 
enzymes it helps in metabolism of food and in tissue respiration, 
Its deficiency impairs growth, results in diseases of eyes and in pellagra, 
an infection of the skin. 

Vitamin B, (pyridoxine) is found in fresh vegetables, fruits and 
meat. It helps in a full utilization of amino-acids, Its deficiency 
results in anaemia, а: 26 

Vitamin B, (cyanocobalamin) occurs іп liver, meat, eggs, milk 
and yeast. It brings about formation of red blood corpuscles and 
also helps in making DNA. Its absence from diet causes pernicious 


anaemia due to change in gastric secretion, and growth becomes slow. 
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= | Some more constituents of B complex, in addition to B,—B,, have 
come to light. These are Bw, Bm, and B, which are concerned with 
either growth or dermatitis in animals, and probably in man too. 
Vitamin C (ascorbic acid) is found in citruS fruits, fresh vegetables 
and milk. It maintains blood capillaries, normal formation of bones 
and teeth, and activates metabolism. Its absence from diet causes 
scurvy in which teeth, gums and skin are affected, bones become weak 
and bleeding of the mucous membrane occurs, person feels tired. 
Vitamin D (antirachitic) is found in animal tissues, such as egg 
yolk, butter, liver oils of cod, halibut and shark. There are two 
' types of vitamin D known as D, and D;. Vitamin D,- (calciferol) 
is formed by ultra-violet light acting on ergosterol in the body, while 
vitamin D, occurs naturally in egg yolk, butter and fish-liver oils. 
Vitamin D regulates metabolism of calcium and phosphorus so that 
normal growth and bone-formation сап take place. Its absence 
results in dental caries and rickets in which bones become weak. 

Vitamin E (tocopherol) is found in wheat embryos, salad leaves, 
cereals and vegetable oils. It maintains normal functioning of 
reproductive organs, helps in development and cell formation, and 
for a proper use of vitamin A. Its deficiency causes sterility in males, 

: death of developing embryo, muscular and circulatory disorders. 
Vitamin K (antihaemorrhagic) is found in vegetables, cereals, and 
. animal tissues, it is obtained in man partly from intestinal bacteria. 
It helps in synthesis of prothrombin in the liver. Its deficiency may 

* cause haemorrhage because blood fails to coagulate. a 
The Euzymes—A large number and ‘variety of chemical reactions 
-. 1 take place all the time in a living system. In some reactions complex 
* & substances are broken down to simpler and smaller molecules, in 
М others simpler and smaller molecules are built up into complex and 
larger molecules. No chemical reaction in a living system is possible 
without enzymes. The'enzymes themselves are organic megamolecu- 
les working as biologic catalysts produced by living protoplasm and 
regulating the speed and specificity of numerous chemical reactions. 

There are more than two th d kinds of € es in a living cell. 


i c oe Action of enzymes can be visualized/by the Lock and Key theory 
| put’ forth by Michaelis and Menten in 1913. In it the enzyme 
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into the break down of the substrate, or the enzyme action may lead 
to the building up of a complex substrate by hooking up simpler 
"substrates together. m 

: All enzymes so far isolated and crystallized are proteins (mega- 
molecules) with large molecular weight, for instance, enzyme urease 
has a molecular weight as high as 4,83,000. No enzyme has been 
artificially created in the laboratory. Most of them are colourleses 
but some are brown, red, green, etc. Мапу of them, stich as pepsin 
produced in the wall of the stomach are pure proteins. Some vitamins 
also act as enzymes, they are made up of proteins joined with chemi- 
cal groups. Still others contain a metallic group attached to the 
protein, cytochromes are such enzymes. The ‘protein part of such 
complex enzymes is known as apoenzyme and the non-protein part as 
coenzyme. Majority of enzymes are soluble in ‘water but those with 
lipoproteins (i. е. combined proteins and fats) are insoluble in water. 
All are insoluble in absolute alcohol. Enzymes are inactivated at high 
temperatures such as at 65°C and some at lower temperatures. They 
are most active at body-temperature. 

The combination of the protein and coenzyme is known as an 
enzyme system. Several vitamins are essential parts of enzyme systems. 
Coenzymes are small non-protein molecules which act as intermediate 
carriers of products which are essential for chemical reactions contro- 
Hed by an enzyme, and they, like the enzyme, are not used up. Co- 
enzymes consist of vitamins, such as thiamin (vitamin B,), and they 
also form part of many enzyme systems which break down carbohy- 
drates. Niacin (vitamin B,) is a part of two important dehydrogenase 
coenzymes I and II which oxidize substances formed in carbohydrate 
metabolism. Coenzymes having niacin are concerned with many energy 
producing reactions of metabolism. Riboflavin (vitamin B,) is a co- 
enzyme of an enzyme system concerned with many oxidation reactions. 
Pyridoxine (vitamin B,) acts as a coenzyme both in the breakdown and 
synthesis of amino-acids. Ascorbic acid (vitamin C) is a part of an 
enzyme system which brings about oxidations in carbohydrate meta- 
bolism because it can easily give off two of its hydrogen atoms to an 
atom of atmospheric oxygen to form a molecule of water, and then 
re-form the original ascorbic acid molecule by removing hydrogen 
atoms from other substrates. The role of these vitamins is of great 
biological significance because they are parts of key enzymes, and their 
absence deprives the body of a catalytic agent by which some vital 
reaction cannot take place. 
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Enzymes are specific in nature, i. e., an enzyme will react with a 
specific type of substance, under specific conditions such as tem- 
perature and medium (pH). An enzyme working in acid medium will 
not be activated in any other kind of medium. An enzyme causing 
the break-down of polysaccharide will not split a disaccharide. Some 
are so specific that they" will make distinctions between isomers 
(molecules of the same atoms but of different structural arrangement) . 
There are: often found+degrees of specificity, for example, proteases 
will react with nearly all proteins. : | 

All kinds of enzymes are not active in the form in which they are 
produced. Some are first produced as precursors in the inactive form. 
They are activated only when required; for instance, gastric glands 
of the stomach produce pepsinogen, which is the inactive or zymogen- 
form of the emzyme pepsin. Pepsinogen is activated by hydrogen ions 
of the HCl produced in the same gland of the stomach but in the cells 
other than those producing pepsinogen. Some enzymes are activated 
by their coenzymes; in such enzymes neither the apoenzyme, nor the 
coenzyme is active by itself, but become active when brought together. 

Enzymes are very effective in small amounts. For’ instance, а 
single molecule of catalase, the enzyme that breaks down hydrogen 
peroxide into hydrogen and water, can break up five million mole-. 
cules of hydrogen peroxide in a minute. Other enzymes are not as 
effective, but many of them can split up 5,00,000 molecules of the 
substrate per minute. 

Enzymes can be destroyed or denatured at high temperature 
or at freezing temperatures. Certain chemical substances such as 
cyanide and iodoacetic acid, block enzymatic activity. Cyanide 
poisoning is caused by the destruction of a respiratory enzyme (cyto- 
chrome) by the cyanide. On the other hand, enzymes are not much ' 
affected by antiseptics in mild concentrations. 

Hydrolysis (Digestion) of Food 

The complex organic substances in food cannot be used as such by 
an animal, consequently, they must be made soluble and diffusible 
through the mucous membrane of the alimentary canal and this process 
is called digestion. In digestion large complex molecules of organic 
Substances must be changed into small, simple molecules which are 
diffusible. The mineral salts and some carbohydrates are soluble 
and do not require to be changed, but proteins, carbohydrates and 
fats require digestion before they can be used. Digestion is essentially 
a process of hydrolysis during which complex molecules are progressi- 
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vely reduced in size until they form a true solution. These changes are 
brought about enzymes. l 

Glands in the oesophagus secrete mucus and an enzyme called 
pepsin; the mucus envelops the food, but no digestion occurs in the 
oesophagus because the pepsin does not become active till it reaches 
the stomach. 

The walls of the stomach show a series of contractions passing 
from the anterior to the posterior end; these ^muscular contractions 
are called peristaltic waves which not only push the food down, but 
also break it up and mix it thoroughly with digestive juices. The 


gastric glands of the stomach, 
TENO in the meanwhile, have been 
pouring out gastric juice into 
= the lumen of the stomach. The 
WAVE OF CONTRACTION Bastric juice — contains large 
quantities of water, 0:3 % hydro- 
chloric acid, and a substance 
called pepsinogen. Pepsinogen 


Fig.92 Showing how food is scgmented and 
moved by peristaltic movements. 
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e Fig, 93 Diagrammatic representation of the interna] lining and physiology of the gut. 
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is an inactive enzyme, and it changes into active pepsin on being mixed 
with hydrochloric acid. The acid also kills bacteria and fungi of food 
and dissolves inorganic salts and softens the food. Pepsin of both 
stomach and oesophagus acts on proteips of food in an acidic 
medium, changing them into,smaller polypeptides, peptones, and pro- 
teoses. Food stays in the stomach for 2 to 3 hours and it gets broken 
down into small bits which are thoroughly mixed with water and. 
enzymes, so that it is reduced to a thick creamy paste called chyme. 
Muscular peristaltic movements of the stomach now force the 
chyme into the duodenum through the pyloric valve in small quanti- 
ties at a time. The food as it enters the duodenum is acidic. The 
acid in the food stimulates the duodenum to produce two hormones, 
namely, secretin and cholecystokinin, which pass through the blood 
capillaries and reach the pancreas and the liver respectively. Secretin 
induces the. pancreas to pour out its alkaline pancreatic juice into 
the duodenum, and cholecystokinin makes the gall bladder contract, 
and bile flows into the duodenum. At the same time the intestinal 
mucosa produces another juice called succus entericus. All three 
juices begin to act on the liquefied chyme. Bile and pancreatic juices 
contain sodium bicarbonate which neutralises the hydrochloric acid 
in the chyme and makes it alkaline. All the enzymes of pancreatic. 
juice and succus entericus require an alkaline medium in which to act. 
Bile contains no digestive enzymes but it adds large amounts of 
alkaline water to food. Besides water, bile contains bile salts and bile 
pigments. The bile salts break down fats into small globules¢ i.e., 
they emulsify fats; so that they can be acted upon by pancreatic juice. 
Pancreatic juice is a watery alkaline fluid containing three important 
enzymes called trypsinogen, amylopsin (amylase) and steapsin (lipase). 
Trypsinogen is an inactive enzyme which is changed into active 
trypsin by an enzyme called enterokinase present in the succus entericus. 
Trypsin acts upon proteins, peptones, and proteoses, changing them 
into small molecules of polypeptides. Amylopsin or amylase breaks | 
down starches into a sugar maltose. Steapsin acts upon emulsified 
fats and changes them into free fatty acids, mono- and di-glycerides, 
and unhydrolyzed triglyceride globules with diameters of 0:5 microns 
or less called chylomicrons. Succus entericus produced by duode- 
num and ileum is a watery alkaline fluid containing large amounts of - 
water, an activator enterokinase, and various enzymes. The entero- 


kinase only makes trypsin of pancreatic juice active. The enzymes | D iE. | 


of succus entericus complete the digestiye processes begun by gastric 
1 
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and pancreatic juices. They act upon proteoses, peptones and poly- 
peptides and change them into simpler monopeptides or amino-acids. 
They also act on fats and change them into fatty acids and glycerol. 
Sugar-splitting enzymes change disaccharide sugars into glucose. 

The result of actions of enzymes upon proteins, carbohydrates, 
and fats is to change them into amino-acids, glucose, glycerol and 
fatty acids respectively; these are called end-producis of digestion. 

[4 more comprehensive general description “of digestion is given in 
Chapter 31.] 

Action of pepsin on egg-white—Place a small piece of boiled white 
of an egg in a test tube with about 10 cc of water. Leaveitfor two or 
three hours in a warm place (30°-38°C), or in an incubator maintained 
at 38°C. Set another similar tube side by side containing egg-white 
and water, to.it add a little dry pepsin (obtainable from a druggist) 
and dilute hydrochloric (0:275) acid (just sufficient to turn litmus 
paper red). Note that egg-white becomes dissolved. Keep the 
solution for further experiment. In a third tube put in egg-white, 
water and pepsin but not the acid. Note that no change occurs. 
This shows that pepsin acts only in an acid medium. 

Take a part of the filtrate of tube No. 2 and apply the Biuret test, 
‘by adding caustic soda solution and then 1% copper sulphate 
solution drop by drop, stirring or shaking slightly after each drop. A 
violet colour will appear. This indicates that protein-like substances 
are in solution as a result of the action of pepsin. Boil the other part 
of the filtrate of tube No. 2, there should be no precipitate, which 
means that the liquid contains peptone, that gives a protein reaction 
with Biuret test but is not precipitated by heating. 


Absorption and Assimilation 


The digested food, though inside the lumen of alimentary canal, 
is physiologically outside the body. To reach various parts of the 
body, the end-products of digestion must diffuse through the mucous 
membrane of intestine and enter the circulatory system, this is known 
as absorption. Absorption of digested food occurs in the duodenum and 
ileum in which the absorptive area is increased enormously by the devey 
lopment of villi. Absorptive surface is further increased by extremely 
fine processes called microvilli in the intestinal epithelial cells, Each 
villus is well supplied with blood capillaries and a lacteal (lymph vessel). 

The end-products of digestion of proteins (amino-acids) and carbo- 
hydrates (glucose, fructose) pass from the mucosa into blood capil- 
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alries, and then through the hepatic portal vein into the liver. Thus 
all digested proteins and carbohydrates must pass through the liver 
before proceeding further. 

Mono- di- and triglycerides and free fatty acids, the end-products 
of digestion of fats, pass into the villi. In the mucosa of the villi 
the free fatty acids are converted to triglycerides. In this resynthesis 
the free fatty acids combine with simultaneously absorbed mono- or 
diglycerides, to form triglycerides. The triglycerides, thus formed by 
resynthesis, and the unhydrolyzed triglycerides are in the form of 
molecules of less than 0*5 microns in diameter (chylomicrons). . These 
molecules are transferred mainly to the lacteal and to blood, and 
then ultimately into the blood. 

The blood carries the various absorbed food products to tissues 
and cells. The raw materials of digestive activity, i.e. amino-acids, 
sugars, fatty acids and glycerols are used to synthesize new mate- 
rials required for the maintenance of particular cells and tissues, 
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Fig. 94 Absorption of digested food in the intestine, 
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as well as for the formation of high-energy compounds such as ATP. 
These synthetic processes are called assimilation. Vitamins are 
essential for converting digested food into living protoplasm. Pro- 
teins require vitamins A, В and C to form new protoplasm; mineral 
salts need vitamins A, C and D to form parts of living tissues; 


carbohydrates require vitamin B to be changed into heat and energy; 
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Fig.95 Diagrammatic representation of absorption 
of food in the intestinal wall, 


As: Amino-acids. Hz- Water, S-Salts, G Glucose, 

FeFatty acid. Gl=Glycerol.  — 
and fats require vitamins A, B, iodine and carbohydrates to produce 
energy. [For further follow up of absorbed food, please see 
Chapters 32 & 35.] 
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Large intestine—After all digested products have been absorbed, 
the liquid contents of the alimentary canal pass into the large intestine. 
During the process of digestion, large quantities of water were poured 
upon the food. This water came from the, body organs and tissues, 
and if it were allowed to pass out, the loss will be serious; conse- 
quently, water is extracted by the large intestine and put back into 
blood. The semi-solid remains of undigestible matter which pass out . 
of the cloacal aperture, are called faeces. 


SYNOPSIS OF DIGESTION 
; Enzymes (Substrate) | Food conver- 
Secretion present food acted upon ted into 
1, Gastric} gastric | pepsin proteins | Doly-, tri- and 
glands | juice (НСІ) di-peptides. 
2. Liver | bile nil fats are emulsified. 
3. Pan-  |pancrea-| (a) trypsin | proteins, poly- | tri- and di- 
creas | tic juice and tri-peptides | peptides. 
| | (b) amylase starch maltose Я 
| lipase ats glycerides an 
| (9) lip . | fatty acids. 
4. Intesti- | succus | (a) pepti- | tri- and di- | amino-acids. 
nal enteri- us pepada | slycerides 
ats д 
glands | cus (b) lipase | Fatty acids. : 
| (с) sugar sugars glucose. : 
| enzymes ; | 
Questions 
1. All organisms require food to obtain which of the following ? 


Oxygen/energy/mineral/vitamins. 
urbes of the tooth does not receive blood supply“? 


i be is found in male frog/female frog/both sexes. 

тааст Ў by one/two apertures. 
What makes up the pulp of the tooth ? 
Differentiate between : 

(a) cystic duct and hepatic duct, 

(b) hepatic duct and bile duct, ~ 

(c) ductus choledochus and hepatic duct, 

(d) glycogenesis and ate Mee = 

i ingular of villi | „аа 

ааа of ‘synthesis’, what is symbolic of — E 
digestion ? isi S 


S2 B2 


Me 


o. 
„© 
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Which of the vitamins are involved in Xerophthalmia, pellagra, 
beri-beri, scurvy, neuritis, rickets ? Name their sources. 

What hormones are involved in digestion ? 

Describe the steps in the digestion and absorption of proteins. 
Why products of fat digestion are routed through the lymph 
vessels ? je 


If the gastric glands of frog are inactivated, how is it going to 
affect digestion of food ? 5 
Describe the functional anatomy of the frog’s alimentry canal. 
Make a synopsis of digestion in frog. ; 
Describe the process of absorption of digested food in frog. 
Apoenzyme is— 
(a) secreted by the gastric glands. 
(b) helps in the hydrolysis of proteins. 
(c) is the protein part of complex enzymes associated with a 
metallic group.* 
Enzymes of Man are inactivated at— 
65°С | 38°C | 35°С [80° C/—10°C.* 
Hormone that stimulates the pancreas is produced in the— 
(a) salivary glands. 
(b) wall of the duodenum*. 
(c) gastric glands. 
(d) intestinal glands. 
Gastric juice is put out before the food actually reaches the 
stomach due to— 
(a) & hormone that flows down the oesophagus. 
(b) reflex action initiated by the food in the mouth,*. 
(c) some sugars absorbed in the mouth cavity. 
(d) some enzyme of the salivary glands. 


Pepsin acts in : basic media/acidic media*/ neutral/all 
(CPMT-1988). | neutral/all the three 


Which one is not an enzyme in the digestive System : trypsin/ 
amylase/ enterogastrone*/ enterokinase (PMT-1990). 


Bile salts are : neither enzymes nor coenzymes but help in fats 
becoming soluble in water*/ not enzymes and do not increase 
the rate of digestive process/ not enzymes but coenzymes and do 
not increase the rate of digestive process/ not enzymes but 
coenzymes and help in increasing digestive process by the action 
of pancreatic enzymes. 


Function of vitamin K is in the : regulation of Ca and P meta- 


bolism / carbohydrate metabolism / blood clotting* IERI 
(PMT-1991). I g*/ respiration 
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К 
CIRCULATORY SYSTEM 

Food is digested in the alimentary canal, but in order that it may 
reach every part of the body there must be a system to transport it; 
this is done by the fluid tissue consisting of blood and lymph. Blood 
and lymph circulate in the body through branching tubes. The tubes 
form a circulatory system which consists of a blood vascular system 
containing blood, and a lymphatic system containing lymph. 

Blood Vascular System 

The blood vascular system consists of a muscular contractile heart 
and continuous tubes of various diameters called blood vessels. The 
blood vessels which carry blood away from the heart are arteries, 
they divide into thinner blood vessels called arterioles. The arterioles 
subdivide to form extremely thin vessels known as capillaries which 
ramify through the body. Small tubes called venules collect blood сЕ 
from the capillaries, and they combine to form larger tubes called | 
veins which return the blood finally to the heart. The arteries and — - 
their branches make up the arterial system, and the veins with their 
tributaries form the venous system. Е E. dod 

Artery—The wall of an artery is made of three con 

(1) The innermost lining is endothelium consisting of flat scale- 
like endothelial cells, it is lined by an elastic membrane. The endo- 
thelium and elastic membrane. constitute the inner coat called intima. 

(2) Outside the intima їв:а thick coat having unstriped muscles, 
arranged in a circular жай уш, аа connective tissue fibres; 

is mi is called tunica medi M 

Ser аы called tunica externa or adventitia is also thick = 
and is composed of loosely arranged clastic and collagen fibres. In E 
larger arteries the tunica media has more elastic fibres and less mus- 
cles, but in smaller arteries 
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connective tissus fibres. The large arteries are elastic and can take 
up increased pressure when the heart pumps blood into them, the 
smaller arteries are less elastic. 


NICA EXTERNA 


TUNICA MEDIA 


И 
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EZ 
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INNER ELASTIC 
MEMBRANE 


ENOOTHELIUM 
Fig. 96 T.S. of (A) Artery and (B):Vein, 

Capillary—The wall of capillary is made of only a single layer of 
endothelial cells or endo- 
thelium, there being no SNOOTHELIAL CELLS 
muscles or elastic fibres. 
Through the thin walls of 
capillaries an exchange of 
food material, gases and 
waste takes place between 
the blood and protoplasm — *^"!'ttARv war, 
of cells. Fig. 97 Part of a capillary. 

Vein—The structure of a vein is the same as that of an artery, 
consisting of three coats, but these coats are very thin, consequently 


FOOD 


WASTES 


CAPILLARIES 


Fig. 98° Arteries and veins meet in capillaries in tissues where exchange of 
materials between blood and tissues takes place. 
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the walls of veins are much thinner 
than those of arteries of the same 
size, but they are more elastic. 
The _mifscles and the elastic 
connective tissue are very poorly 
developed, but the collagen fibres 

of the outer coat are more deve- ^ 
loped than in arteries, so that the ` 
tunica externa and tunica media 


| 
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i 

p 

| 

| 

| 

{ 

П 


E : appear like a single coat. In most 
| Fig. 99 How valves prevent backward — veins the tunica media is extre- 
. fow of blood in the vein. mely thin with no muscles, so the 
| 


tunica externa makes up the greater part of the wall of a vein. Many 
veins, especially in limbs, are internally provided with pocket-like 
semilunar valves, which are arranged in groups of three with the openings 
of pockets towards the heart. The valves are made of two folds of 
endothelium containing some elastic connective tissue. Valves are so 
placed that they allow -the flow of blood in one direction only, i.e. 
towards the heart. 

The lumen of an artery is small, but a vein of the same size has 
а large lumen. When blood goes out, the arteries retain their shape 
but veins collapse. In dissection, an artery is white or bluish, but the 
veins show the colour of blood. The velocity of blood current in an 
artery is greater than in a corresponding vein; the blood flows faster 
and with jerks in arteries; in veins blood flows evenly and less fast. 


Heart 


The heart is a red-coloured, hollow, conical, muscular organ. It 
is enclosed in a pericardial cavity which is surrounded by a mem- 
brane, the pericardium. The pericardial cavity containsia peri- 
cardial fluid which prevents friction and keeps the heart moist; it о 
Protects the heart from shocks. ae à 7 

Ext he heart of this frog was studied by several scientis 
in inte’ (SES 1946, 54, 57) and abroad and a number of dn Se 
Were brought to light. A detailed study of its anatomy and пе е i t 
action, however, was in no way complete. It was customary tor the Д 
Indian authors їо believe and describe it on the pattern of Europan EA 
frog and many details were simply taken for granted to Es ER d ia. 
in this widely studied Indian species of frog. Some letails havo а. 
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been worked out recently by the author of this book. The total work 
done thus far calls for a complete revision of the frog’s heart, which 
is described below. s 
The heart of Rana ¢igerina is basically 3-chambered: the right 
and left auricles (atria) and the ventricle. In addition, there. is a sinus 
venosus and a conus arteriosus. Since the interauricular Septum is 
shifted more towards the left, the division of auricle is unequal, right 
auricle being larger and almost of double the size of the left auricle. 
The sinus venosus is a triangular chamber on the dorsal side- and 


AORTIC TRUNKS 


LEFT AURICLE 


PRECAVALS 


TRUNCUS 
ARTERIOSUS 


CONUS 


à - POST CAVAL 
“DORSAL VENTRAL . 


s Fig. 100 Heart of frog. 


receives venous blood from three large veins, two precavals and a 
„розїсауа1. Oxygenated blood from the lungs is brought into the left 
auricle from’ the lungs by means of two ;pulmonary veins, which 
join before opening into the left auricle. Sinus venosus drops its 
bleod into the right auricle. Ventricle is roughly as long and broad 
as the auricles put together, the apex is bluntly rounded and not 
‘conical as usually shown in the text books (Fig. 100). 

The ‘conus arteriosus arises from the right dorsal side of the 
ventricle and not from the right ventral side as is usually shown. It 
leads forwards into the truncus arteriosus. The truncus arteriosus 

` represents 


* 4 


= * 
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different from the conus arteriosus as there is a complete absence 
of cardiac muscles in the truncus, but characteristically present in all 
parts of the heart including the conus. ase : 

Thus, whereas conus is.a part of the heart, the truncus is an 
artery. Truncus is demarcated from the conus by a transverse 
groove, the sulcus. Conus is twisted spirally to the left before it 
joins the truncus. € ^ 

` Truncus arteriosus after a short run forwards splits up into two" . 
symmetrical trunks; the right aortic trunk is, however, partly sha- 
dowed by the spongy ventral wall of the right auricle. From each 
aortic trunk come off three aortic arches, the dorsal pulmocutaneous 
arch, middle systemic arch, and the ventral common carotid arch. ` 

The heart itself is supplied by coronary vessels, though coronary 
circulation is not well developed in frogs. A small coronary artery . _ 
from the common carotid arch supplies the wall of the truncus and 


| Be conus. It breaks up into a network of five arterioles which 
x reunite to form two small veins : vena bulbi anterior joining the left 


systemic arch at its base dorsally and a vena bulbi posterior entering . 
the arterior abdominal vein or sometimes the hepatic portal vein. [It 
is believed that the metabolic exchange takes place through the 
spongy walls of the ventricle. This seems logical as coronary cit- - 
culation is poor in the heart.] The heart issupplied by the vagus 
nerves and sympathetic fibres from the fourth sympathetic ganglion 
and those from other ganglia pass to the vagus ganglion of the 
sympathetic chain then proceed to the heart. ^ 
Internal 2natomy of the heart : 
The sinus venosus is thin-walled, yet has a weak musculature. 
-The auricles have spongy walls and have better developed muscles 
in their walls. The sinus venosus opens into the right auricle by 
means of the sinu-atrial aperture, very close to the right side of the 
interauricular septum. The sinuatrial aperture is guarded by two 
valves which are transversely placed at the same level and do not 
overlap each other. In the left auricle, the pulmonary veins jointly 
open into a dorso-ventrally compressed chamber called the pulmonary à 
sinus (Sharma 1957). The opening of the pulmonary sinus in the left 
d auricle is guarded by a flap-like valvular extension from. the left 
= ventro-lateral wall of this chamber. The interauricular septum is 
incomplate behind, so-that both the auricles lead into the ventricle p 
. by a common atrio-ventricular aperture (A. V. aperture Fig. 101). eem 
- guarded by two pairs of valves, one pair is larger than the other and. и 
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INTERNAL CAROTID 


LONGITUDINAL SEPTUM 
EXTERNAL CAROTID 
CAROTID 


CAROTID LABYRI TRUNCUS ARTERIOSUS SYSTEMIC 


TO CAROTIDS 


V OX  PULMOCUTANEOUS 
SYSTEMIC ARCH 
$9. SEPTUM MEDIALE 


OPENING FOR 
LEFT SYSTEMIC 


OPENING OF 
PULMONARY VEIN 


LEFT AURICLE 
INUATRIAL APERTURE 


PULMOCUTANEOUS ARCH 
OPENING FOR RIGHT SYSTEMIC AER 


COMMON ENTRANCE OF 
PULMOCUTANEOUS ARCHES 
(Below Spiral Valve) 5 


CAVUM AORTICUM INTER AURICULAR 
SEP 


TUM 
CONU 


SPIRAL VALVE 


CAVUM PULMOCUTANEUM 


SEMILUNAR VALVES SET VENTRICLE 


CE Well Oxygenated 
VEINS Not well Oxygenated 


LY 
СОГОМ SEICARNEAE EZES Mixed (Less Oxygenated) 


Fig. 101 Internal structure of heart. 
(Ventral walls of auricles, ventricle and truncus cut away ;part of 
spiral valve removed.) 
dorso-ventrally placed; the smaller pair is placed laterally. Chordae 
tendinae are inserted over the valves, while their origins are in the 
walls of the ventricle. 

The ventricle has thick muscular walls, which are produced into 
the lumen of the ventricle column-like, such projections are known 
as columnae carnaea. Auricles and ventricle are receiving parts of 
the heart, while conus and truncus are distributing parts. The conus, 
as mentioned earlier, arises from the right-dorsal side of the ven- 
tricle and twists spirally from right to left on the ventral side of the 
heart. The lumen of the conus is separated from that of the ven- 
tricle by а set of four ventriculo-conal valves of - semilunar shape. 
Two of these valves are dorsoventrally placed while the other two 

| аге letero-ventral. A similar set of four semilunar valves Separates 
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-*, _ the lumen of the conus from that of the truncus (Fig. 102). Within 
‘w` the conus and having its origin-base in its dorsal wall is a fleshy spiral 
valve (better, spiral ridge) which hangs as a longitudinal partition 
falling short of reaching the ventral wall of {һе conus. The anterior 
end of the spiral valve is somewhat hammer-shaped and there:isa . 
low sail-like crest on the ventral face of the spiral valve twisting 
spirally to the left. Spiral valve divides the lumen of the conus into 
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SYSTEMIC ARCH 
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Fig. 102 Conus and truncus of R. tigerina cut open to show the structure 
and course of blood (Nigam, 1980). 
two compartments : on the right-ventral side of the spiral valve is 


2 the cavum aorticum, and on the left-dorsal is the bigger cavum pul- 
> ` mocutaneum. Cavum pulmocutaneum occupies a dorsal position in 
relation with the cavum aorticum which is ventral. In the cavum 
pulmocutaneum and antero-dorsal situation there are two openings 
: leading into the pulmocutaneous channel. Each of these openings is 
~ 8-10 mm wide and separated from the other by a fleshy partition 
arising from the dorsal wall of the conus. Cavum aorticum leads 
' into the systemo-carotid channel of the truncus (to be described 

shortly). : o es 

A.B.—12 ; A Es 
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The truncus arteriosus has been studied in detail by this author | 
(Nigam 1975, and Ph. D. thesis 1980) and some interesting obser- P 
vations have been made. A horizontal shelf-like partition, called 
septum trunci (Figs. 103, 104), runs through the truncus and its two 
aortic trunks. The septum trunci thus divides the lumen of the 
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Fig. 103 Three-dimensional diagram of the truncus of frog showing the | 
septa, systemic valve and channelization. (Nigam 1983). | 
truncus into two channels, a dorsal pulmocutaneous channel above the 
septum trunci, and a ventral systemo-carotid channel below the septum. 
Where as blood received in the pulmocutaneous channel is distributed 
into the right and left pulmocutaneous arches, with which the channel 
is connected, the blood received in the systemocarotid channel is 
distributed into the right and left systemic and common carotid 
arches. 

Systemocarotid channel is further divided both vertically and 
horizontally. A vertical partition, called the septum principale, arises 
from the septum trunci in the middle of the truncus. It runs down 
as a fleshy septum twisted spirally like an ‘S’, the main thrust of the 
spiral is towards the right (Figs. 103, 104). For a considerable part 
of its length the septum principale is attached at the other end to the 
ventral wall of the truncus, thus dividing the systemocarotid channel 
into left and right halves, one on either side of the septum principale. 
Another vertical partition, called septum mediale, runs longitudinally 
within the septum principale. In a dissection of the truncus from the 


"^ 


ventral (Fig. 102) the septum mediale appears as an opaque whitish 
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line in the middle of the septum principale. For most of its length 
the septum mediale lies within the septum principale, but near its 


? MUSCLES 
LEFT <— > ДАРДА 
SYSTEMO-CAROTID 77у, 
CHANNEL Иели 

TISSUE EAT 
FIBRO-ELASTIC A Rs Y 


ASS 


r2 
SEPTUM 
^... MEDIALE 
= ENDO. 


SS 
m—— VAS SYSTEMO-CAROTID 
Sa E ELO} CHANNEL —> 
— PAL SEPTUM н: 
So з X 
SS ЕЕ PRINCIPALE — SS, 
== : f Se ———— == 
TS = SD? SSS == 
- S NES 0 МЕ 
ORIFICE OF COMMO! a pe VENTRAL 1 
CAR == 50 WALL OF TRUNCUS 


Fig. 104 T.S. truncus arteriosus of Rana tigerina. (Nigam, 1980) 


caudal (posterior) end, the septum mediale extends beyond the septum 
principale and terminates in the form of a flattened disc or knob of 
about 1:0 mm width. This disc approaches quite close to the distal 
semilunar valves of the conus, but is distinctly free from the ventral 
wall of the truncus and can be lifted with a needle. 

Right and left systemocarotid channel, each is divided horizontally 
by a fleshy partition separating the systemic arch from the common 
carotid arch. Such muscular partitions are clearly seen inside the aor- 
tic trunks dissected from ventral. It may be recalled that the pulmo- 
cutaneous arches were separated from other two arches by means of 
the septum trunci as seen at the cut-end of each aortic trunk. 
Histologically, the septum trunci and the septa, separating the systemic 
from carotid arches, are quite different from each other. Whereas 
the septum trunci (Fig. 104) is a thick and muscular partition, the 
other septa are flat and made up of fibro-elastic tissue, some- muscles 
are present only at the attached ends. A thin layer of endothelium 
covers the internal surfaces of the three arches and also the septa. 
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Fig. 105 T.S. truncus of frog showing relation of septum mediale with the channcls. 


An interesting feature of the heart of this Indian frog is that right 
and left systemic arches have their origins symmetrically on the right 
and left sides of the septum principale, a similar situation for the 
carotids in not there. Both the right and left common carotids have 
their origins placed on the right side of the septum principale (Fig. 
102). As a result of this, the left common carotid arch receives its 
share of blood from below the septum principale and septum mediale. 
Another important observation has been made about the common 
carotid arches. On the ventral side of the septum principale and the 
terminal disc of the septum mediale, between them and the ventral 
wail of the truncus is an orifice or chamber of the common carotids 
(Figs. 103, 104, 105) where the blood is first received from the cavum 


aorticum, then passed on into the right and left common carotid 
arches. 


Histology of the septum principale and septum mediale : 


Septum principale originates from the muscular septum trunci but 
is composed mainly of fibroelastic tissue. The muscles are present 
only at the dorsal and ventral extremities of the septum principale, 
— indicating that the septum „principale exerts its influence in the distri- 
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bution and flow of blood through the truncus. The septum mediale 
is clearly demarcated both morphologicallv and histologically and 
appears to be composed of a densely packed fibrous tissue and vacuola- 
ted cells. This tissue approaches the form of Cartilage and is known 
as chondroidal tissue. The author of this book (Nigam, 1980) confirmed 
histochemically the presence of such a cardiac skeleton in the Indian 
frogs and toads for the first time. It is believed that similar cartila- 
ginous tissue is universal in the other frogs and toads of the world 
which have septa within the truncus and possibly elsewhere in the 
heart. Obviously the septum mediale of R. tigerina gives a skeletal 
support to the septum principale. The terminal disc of the septum 
mediale is composed of similar chondroidal tissue. 

The systemic valve—Besides the septum principale and septum 
mediale in the truncus arteriosus, there is an obliquely placed mus- 
cular ring in the right half of the systemocarotid channel quite close 
to the septum principale (Figs. 102, 103, 104). This structure was first 
observed by this author in 1976 in the frog Rana tigerina and described 
in detail in 1983. The inclination of the valve is towards the septum 
principale and the valve has its origin-base in the septum trunci; 
Septum principale also arose from the septum trunci. In the serial 
transverse sections of the truncus arteriosus the part of the systemic 
valve that shows up first is the freely hanging edge of the valve, 
followed by its middle part which shows an obliquely-longitudinal 
Opening in the centre of the systemic valve. Further ahead, the 
Systemic valve is seen to be attached to the ventral wall of the truncus 
arteriosus. Thus, the systemic valve is attached to the septum trunci 
Оп one side, on the other it is attached to the ventral wall of the 
truncus partially. The opening of the valve is surrounded by strongly 
developed circular muscles working as sphincters to close the opening 

Course of the blood through the heart and mode of the working 

` of the heart : : 

Venous blood from all parts of the body except the lungs is 

Tought into the sinus venosus by the precavals and the Dose 
Sinus venosus opens into the right atrium by the sinuatrial Boc 
ft atrium receives oxygenated blood from the lungs by meaus 
Pulmonary veins. : * 

Mode of uo of frog’s heart (Rana tigerina) was studied by a 
Author (1981) with the help of pressure recordings from vario 


d with simultaneous electrocardiogram = 
mbers of the heart correlated hee S Q0" 


Tecordings (Fig. 106). Such recordings have = 
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Fig. 106 Pressure recordings of thc right atrium (A); 


contraction of the si i : 
бес (D) м Жы зень of the left atrium (B), of the ventricle (С) and of 
the frog Rana tigerina. Sensitivities and time scales are also indicated. 


tole. (Nigam 1981) А lowed by ventricular dias- 
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all the minor and major events taking place during one complete 
heart beat. The time taken by the blood to pass from sinus venosus 
up to the conus and aortic trunks is about 0:94 second, a little more 
than in the human heart where it is about 0:8 second. Average rate 
of this frog’s (100 g) heart beat is about 58/min. 

The heart beat begins as a wave of electrical discharge in the 
heart muscles followed by the actual contraction of the muscles of 
the heart (i.e. mechanical, activity). The electrical wave of the heart 
corresponds to the P, QRS and T complex of the electrocardiogram, 
where P represents the beginning of electrical activity in the auricle, R 
the peak and S the end of atrial systole, and T represents activity of 
the ventricle and the conus. There is only one pacemaker, the sinu- 
artrial node in the wall of the right atrium. 

Sinus venosus contracts after itis full of venous blood and the 
blood passes on into the right atrium through the sinuatrial aperture 
which opened shortly before the wave of contraction runs through 
the muscles oi the sinus venosus wall. The maximum pressure of 
blood in the sinus venosus is 0:30 mm Hg. 

Blood from the lungs is received in the left atrium while the right 
atrium is filling; the AV-valve remains closed. Wave of contraction 
now passes through the atria almost simultaneously as there is a very 
brief delay of about 0:03 sec in the left atrium. The AV-aperture 
opens shortly before the wave of contraction in the atria begins to 
mount up and closes soon after the atrial muscles begin to relax. 
Maximum pressure values of right and left atria are 1°75 and 0:8 mm 
Hg respectively. 

There is nothing in the ventricle to keep the blood coming from 
different atria separated but because of the larger bulk of blood 
received from the right atrium, the less oxygenated blood occupies the 
major part of the ventricle on the right side, while more oxygenated 
blood comes to occupy the left side; some mixing does take place 
in between. 

Ventricular contraction is in two phases: a phase of maxima 
ejection and a phase of reduced ejection. The ventriculo-conal valves 
open shortly before the wave of contraction begins to mount up. In 
the first phase the less oxygenated blood of the right side is ejected 
powerfully (30:0 mm Hg pressure) into the conus which occupies a 
right and -dorsal position at the ventriculo-conal junction. The force 
of the blood is so great that it pushes the spiral ridge of the conus flat 
and crosses over it to fill the dorsally placed cavum pulmocutaneum. 
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Blood having passed over the sprial ridge (valve), fills the cavum 
pulmocutaneum to its full capacity. This in turn. causes a shift in the 
position of the spiral ridge which now stands to divide the cavum pulmo- 
cutaneum from the empty cavum aorticum completely and effectively. 

Second phase of ventricular contraction follows soon after the said 
events of the first phase. The remaining blood, 1. е. the well-oxygena- 
ted and mixed, is now ejected into the cavum aorticum of the conus. 

It may be recalled that there are two openings in the cavum 
pulmocutaneum, leading into the pulmocutaneous channel. 

The conus also contracts in two phases : in the first phase the 
contraction wave begins from the right-dorsal origin or base of the 
conus, so the blood of the cavum pulmocutaneum is forced up into 
the pulmocutaneus channel and thence rushes into the pulmocutaneous 
arches and the skin and lungs. 

Why the blood of cavum aorticum (mixed and well oxygenated) 
does not go up the systemocarotid channel in the first phase of conal 
contraction ? The answer lies in two facts : (1) While the blood is 
filling into the pulmocutaneous channel in the first phase of conal 
contraction, the channel is inflated causing the septum trunci (which 
Separates the pulmocutaneous channel from the systemo-carotid 
channel) to press down, this in turn pushes the disc of the septum 
mediale which contacts the ventral wall of the truncus (Figs. 103, 104, 

105) and blocks the passage of blood from the cavum aorticum into 
the common orifice of the right and left systemo-carotid channels. 
(2) Simultaneously, the systemic valve is kept closed, putting a 


restraint on the passage of blood from the cavum aorticum into the 
right systemic arch. 


It is only when the blood of pulmocutaneous channel has passed 
оп into the pulmocutaneous arches, the septum trunci and the disc 
of the septum mediale trace'back to their original positions, and the 
1. Nigam H.C. 1975, Structure & function of the truncus arteriosus of the 

Indian Bullfrog Rana tigerina, Curr, Sci. 45 (22), 810. 
2. Nigam H.C. 1980, Cardiac skeleton in the heart of the Anuran Amphibia, 
Curr. Sci. 49 (10), 409. 
3. Nigam H.C. 1980, Studies in the Indian Anuran Amphibia Ph. D. Thesis. 
4. Nigam H.C. 1981, Some events in the Cardiac cycle of Indian Bullfrog 

& S.C. Shrivastava. R. tigerina. Ind. J. Exptl., Biol., 19, 588. 

5. Nigam H.C. 1982, First report of the systemic valve in R. tigerina, Curr. 
Sci. 51 (2), 107. 

6. Nigam H.C. 1983, Structureand function of the truncus arteriosus of the 
Indian frog Rana tigerina (Daud)—II. Proc. Ind. Acad. 
Sci. vol 92 (1), 55-63 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


| 
| 
| 
р> 


[3 
CIRCULATORY SYSTEM 169 


systemic valve opens, the blockade of systemo-carotid channel and 
that of the right systemic arch is!lifted. Now, in the second phase of 
conal contraction, blood passes into the systemic and carotid arches. 
Left common carotid arch receives blood from below the septum 
principale and mediale. 
` Тһе Arterial System . 

The truncus arteriosus divides into two parts, each of which 
appears as a single vessel but consists of three arteries, a hindermost 
pulmocutareous arch, a middle systemic arch, and foremost 
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Fig. 107  Artorial system of frog (ventral view). 
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carotid arch. The three arches are bound together, but soon sepa- 
rate. The pulmocutaneous arch divides into two arteries, pulmo- 
nary artery going to the lung, and a cutaneous artery which goes to 
the skin and the mouth cavity. 

The carotid arch gives off a lingual or external carotid artery 
going to the tongue and hyoid, and an internal carotid artery which 
has a swollen carotid gland at its commencement, then it sends 
branches to the roof of the mouth, to the orbit, and to the brain. 

The carotid gland is composed of non-contractile, fibro-elastic 
tissue. Its lumen is divided into two chambers; the second of which 
forms a vascular ring through which blood passes into the internal 
carotid artery. The first chamber leads into the external carotid artery. 
Carotid gland (labyrinth) is a chemo- and baro-receptor and detects 
pressure changes of oxygen in the blood, but it does not interfere with 
the circulation of blood. Electron microscopy of the carotid gland 
of the frog Rana tigerina, has revealed the presence of secretory 
granules in the tissue of carotid gland. Since these granules are 

discharged into the blood stream flowing past the carotid gland, the 
carotid gland (glandula carotica) is believed to be an endocrine 
centre for the control of blood pressure. 

The systemic arch passes outwards and downwards, and gives out 
three arteries, (i) an oesophageal artery to the oesophagus; the oeso- 
phageal artery often arises from the occipito-vertebral, (ii) an occipito- 
vertebral artery which sends a branch to the posterior part of the head 
and. another branch to the backbone and spinal cord and (iii) the 
large subclavian artery which goes to the shoulder and arm. 

The systemic arches of two sides curve around the oesophagus to 
join each other below the backbone. .But just before joining the left 
systemic arch gives off a large coeliaco-mesenteric artery, which passes 
through the mesentery and divides into two main branches, the anterior 
mesenteric and coeliac arteries. The anterior mesenteric artery sends 
a duodenal artery to the duodenum, a splenic artery to the spleen, and 
an intestinal artery to the ileum. The coeliac sends a gastric artery 
to the stomach, and a hepatic artery to the liver. From the anterior 
mesenteric artery arises a posterior mesenteric artery which goes to the 


1. = Nigam H.C. 1978, Structure and function of the Glandula carotica and the 
Glandula intercarotica of the Indian frog R. rigerina 
Zool. Anz. (Germany), Bd. 20; Heft. 151-157. 

2. Nigam H.C., 1981, Structure and function of Glandula carotica of the frog 
Rana tigerina, ЇЇ. Zool Polon. (Poland); 28(9) 285-304. 
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large intestine. In some frogs it arises straight from the dorsal aorta. 

The joining of two systemic arches forms a dorsal aorta which 
runs backwards below the backbone and gives off five or six pairs of 
renal arteries to the kidneys and a pair of gonadial arteries to the 
gonads. (The gonadial arteries in a male frog are spermatic arteries 
and in a female they are called ovarian arteries.) 

The dorsal aorta divides into two iliac or pelvic arteries, which 
send branches to muscfes of abdomen and urinary bladder, then each 
iliac artery divides into a femoral and a sciatic artery, the former goes 
along the outer side of the leg and the latter along the inner sie. 


The Venous System 


The blood is returned from all parts of the body by veins. The 
blood from the two lungs is returned by two pulmonary veins which 
unite and open into the left auricle. The blood from the rest of the 
body is returned into a sinus venosus which opens into the right 
auricle by a sinu-auricular aperture. Three large veins bring back 
the blood into the sinus venosus, they are a pair of precavals or an- 
terior venae cavae from the front parts of the body, and a single 
median postcaval or posterior vena cava from the posterior side of 
the body. Each precaval vein is formed by the union of the three 
veins, the external jugular, innominate, and subclavian. The 
external jugular receives two veins, a lingual vein coming from the 
tongue and floor of the mouth, and a mandibular vein returning 
blood from the lower jaw. The innominate receives blood from two 
veins, an internal jugular vein from the brain and orbit, and a sub- 
scapular vein from the shoulder and back of the arm. The subcla- 
vian vein is large and it receives blood from two veins, 2 brachial 
vein coming from the arm, and a large musculo-cutaneous vein which 
comes.from the skin and muscles of the abdomen, and also from 
the mucous membrane of mouth and head muscles. 

The postcaval vein receives blood from the legs, kidneys, gonads 
and liver. Blood is returned from each leg by a femoral vein on the 
outer side, and a sciatic vein from inside. On entering the body 
cavity each femoral vein divides into a renal portal vein and a pelvic 
vein, The sciatic vein joins the renal portal. The renal portal 
vein runs to the kidney and receives a dorsolumbar vein bringing 
blood from muscles of the back. The renal portal vein breaks up 
into many capillaries in the kidney which form five or six renal veins 
on emerging from each kidney. Thus the blood, entering the renal 
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veins, has passed through two sets of capillaries, one in the leg and the 
other in the kidney. Such an arrangement in which blood having 
come from one set of capillaries is then sent through a second set of 
capillaries lying in an organ (liver or kidney) is called a portal sys- 
tem; the one in connection with kidneys is called renal portal 
system, and the vein between two sets of capillaries is the renal por- 
tal vein. The pelvic vein lies in the abdominal wall, and the two 
pelvic veins unite to form an anterior abdominal vein which runs 
forward in the middle of the abdomen muscles. The abdominal vein 
receives a vesicular vein from the urinary bladder and several pairs 
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Fig. 108 Venous system of frog (dorsal view). 
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of veins from abdominal muscles, then it enters the left lobe of the 
liver. The paired renal veins from the kidney join in the middle 
line to form a large postcaval vein. A pair_of gonadial veins from 
the gonads enter the postcaval. The postcaval receives a pair of 
hepatic veins from the liver and then joins the sinus venosus. 

It will be appreciated that the blood from legs can take two paths, 
either through renal portal and renal veins into the postcaval, or 
through pelvic and abdominal veins into the liver. 

The blood from the alimentary canal, pancreas, and spleen is 
collected by several veins to enter a large hepatic portal vein. À 
gastric vein from stomach, intestinal vein from ileum, duodenal 
from duodenum, splenic vein from spleen, and a pancreatic vein 
from the pancreas join to form the hepatic portal vein which enters 
the liver; it is also joined by a connection to the abdominal vein, then 
it breaks up into a meshwork of capillaries which join the capillaries of 
hepatic veins; the vein between two sets of capillaries is the hepatic 
portal vein. Thus the liver has a hepatic portal system which 
receives blood both from the hepatic portal and anterior abdominal 
veins. and this blood goes to the postcaval through the hepatic veins. 

[See Blood pressure and pulse in Chapter 33] 
Lymphatic System 
The lymphatic system differs from the blood vascular system in 


Fig. 109 Relation of blood, lymph and tissue-fluid of cells. 
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being an open system because it has lymph spaces between tissue 
cells, and it does not form a complete circuit. It consists of 
lymph sinuses, lymphatic vessels, lymph capillaries and lymph 
hearts. The lymphatic system contains a clear fluid called 
lymph which is a part of blood that has filtered out from the 
blood capillaries; consequently its composition is the same as that of 
blood, except that red blood corpuscles and some blood proteins are 
lacking because they cannot come out from the walls of the blood 
capillaries. Lymph takes fluid substances from cells of tissues and 
intercellular spaces, such as colloids, broken tissues and bacteria 
which cannot penetrate the walls of blood capillaries. Lymph is a 
medium of exchange between blood and body cells. 
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Fig. 110 Circulation of body fluids. 

In tissues there are blindly-ending. meshworks of lymph 
capillaries having swollen. knobs; they drain the tissues through 
their permeable walls and swollen knobs. СО,, water, waste, and 
food can pass in and out. Lymph capillaries unite to form larger 
lymphatic vessels which are connected to large spaces called lymph 
sinuses. Larger lymphatic vessels have valves which lie in pairs 
and not in threes as in veins; they permit lymph to flow only in 

опе direction, that is towards the heart. Thus the lymph capillaries 
and lymphatics are equivalent to veins. Lymph sinuses lie below the 
skin and between organs. 

A frog has the following lymph sinuses containing lymph :— 

1. Sub-cutaneous lymph sinuses are several large spaces lying 
below the skin, they are on the dorsal, ventral and lateral sides; 
they are separated by connective tissue septa between them. 
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2. Sub-vertebral sinus lies below the backbone, the kidneys lie in it. 
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Fig. 111 Lymph sinuses in frog (lateral view). 


3. Pericardial sipus surrounds the heart, the lymph in it is called 


pericardial fluid. 
4. Coelom is the body cavity containing the viscera, and it is filled 


with lymph which is commonly known as coelomic fluid. 
The lymph is pumped back into veins by two pairs of 
contractile lymph hearts. One pair of lymph hearts is situa- 
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Fig. 112 Lymph sinuses and hearts (dorsal view). 
ted below the suprascapulae, close to the transverse processes 
of third vertebra; these lymph hearts open into subscapular 
veins. The other pair lies at the end of urostyle and opens 
into the femoral veins. The circulation of lymph is also 
brought about by contractility of lymphatic vessels and by 


body muscles. 
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Questions 


Name the innermost cellular layer of an artery. Give the 
sequence of layers or coats in a vein and a capillary. 
Where do the artezies and veins meet ? 


Why truncus arteriosus is not considered to be a part of the 
ventricle ? 


Where are the chordae tendineae inserted ? 


In what way the septum mediale plays a role in the distribution 
of blood into the arterial arches ? 


What is the latest advancement in the structure and function 
of the truncus arteriosus of Rana tigerina ? Who described it ? 


What is the function of : 
(a) carotid labyrinth, 
(b) valves in the conus, 
(c) chordae tendineae, 
(d) septum mediale. 


How many renal arteries and renal veins are there in Rana 
tigerina ? 


How precavals are formed ? 
Enlist the organs from which hepatic-portal vein collects blood. 


How waste gases and other waste products from body cells 
reach the circulatory system ? 


Pinpoint the location of lymph hearts in frog. 


Describe the latest advancements in the theory of working of 
frog's heart. 


Give an account of the lymphatic system of frog. 


Explain the relationship that exists between arteries, veins, blood 
capillaries and the lymphatic system. 


Where is cartilaginous tissue in the heart of the frog ? (*in the 
septum mediale) 
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BLOOD AND LYMPH ``. 
The fluid tissue consists of blood and lymph which flow in organised 


channels and sinuses. The following description is based chiefly on 
the blood of man but is:fairly applicable to other vértebrates also. 


BLOOD ; КЕНЕ 

Blood consists of a straw-coloured fluid called plasma їп which 
float blood cells known as corpuscles. Plasma constitutes about 607 
of the blood and is non-living; blood corpuscles form the remaining 
4097: of blood, and аге living cells. - . 

Plasma—Plasma is a.liquid containing over 90% water and less 
than 10% of various substances in solution which consists of plasma 
proteins, organic substances, and inorganic salts. The plasma proteins 
are in a colloidal solution—they are albumins, globulins, and fibrino- 
gens. Organic substances are also in a colloidal sol—they are glucose, 
amino-acids, fats, urea, hormones, and enzymes. Inorganic salts are in 
a true molecular solution—they are chlorides, bicarbonates, sulphates 
and phosphates of sodium, potassium, calcium, iron and magnesium. 
The amount of various constituents of plasma is fairly constant, though 
some substances leave the plasma all the time, and others enter it. 

Blood corpuscles— These are basically of two types : the red blood 
corpuscles and the white blood corpuscles. 

Red blood corpuscles or erythrocytes—In the vertebrates, other 
than mammals, the red blood corpuscles are large oval cells, with a 
bulging, biconvex nucleus. An erythrocyte is yellowish in colour, but 
surprisingly when seen in bulk, they appear red. An erythrocyte is 
23 x16 pm in size (um=1/1000 of a mm). Erythrocytes contain a 
protein called haemoglobin which gives the colour to the corpuscles. 
Iron is a constituent of haemoglobin. ^ 


An insight into the structure of haemoglobin molecule helps to — — 
understand its rolein respiration. Briefly, there are four haem groups - 35 T 


each ‘of which contains an iron atom and а polypeptide (proteir 
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chain of about 140 amino acids. Polypeptide chains are of two kinds 
a and B types. Haem is the metal containing a porphyrin part of 
the haemoglobin molecule, Ее++ is placed in the centre of the each 
haem group. Haem group has affinity for oxygen, hydrogen and 
carbon monoxide, which when linking up with haem group occupy 
the same position by replacing the atom or molecule occupying that 
position and taking its position. 

At places of high oxygen tension, as the respiratory surfaces, oxygen 
molecules readily occupy positions close to haem groups and form 
oxyhaemoglobin. Iron always remains in the divalent form. At 
places of high carbon dioxide tension and low oxygen tension, as in 
the tissue cells, haem behaves differently, shifting its affinity to hydrogen 
ions which come from the dissociation of carbonic acid formed by 
CO, with the water of blood corpuscles and dissociating later into H+ 
and HCO;- . Mere presence of H+ ions forces oxyhaemoglobin to 
unload its oxygen for the use of cellular respiration and pick up H* 
ions. Haemoglobin is changed to its reduced form called haemo- 


I 
^ 
^ 


co- 


có ut 
Fig. 540 The basic structure of haemoglobin and its affinities to Oz, H+ and CO 
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globinic acid. Electroneutrality of blood is maintained by chloride 
ions (СЇ—) that rush from the plasma into the red blood corpuscles. At 
the respiratory surfaces, oxygen molecules push hydrogen ions of 
haemoglobinic acid out and take their positions, thus changing 


Fig. 114 Various types of blood cells. 1. RBC of frog; 2 & 3. spindle cells of frog; 
4. Monocytes; 5 & 7. Eosinophils of frog; 6. RBC ошап; 8. Basophil; 
9 & 10. Neutrophils; 11 & 12. small and large lymphocytes (drawn from 
stained blood). à 
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haemoglobin again into oxyhaemoglobin. Freed Ht are taken care 
of by HCO,;- which form H,O and CO,. 

An unfortunate property of haemoglobin is that it combines even 
more readily with carbón monoxide than with oxygen, resulting into 
carboxyhaemoglobin. Carbon monoxide molecules occupy the 
positions normally occupied by oxygen molecules. It is for this 
reason that carbon monoxide poisoning of haemoglobin prevents 
oxygen from taking its rightful position in the haemoglobin molecule. 
Carbon monoxide thus acts as a powerful respiratory poison. 

Carriage of Oxygen and Bohr effect 

The ability of blood to transport oxygen at a speed required with 
the needs of the body is largely caused by the high affinity of haemo- 
globin for oxygen. This can 
be demonstrated experimen- 
tally by subjecting samples 
of blood to different oxygen 
tensions, and estimating the 
percentage saturation of blood 
with oxygen in each case. In 
practice the blood samples are 
placed in a series of cylind- 
rical glass containers into 
which air mixtures of known 
oxygen tension are introduced. 
Each sample of blood is given 
time to come into equilibrium 
with air mixture, and then the 
percentage saturation with 
oxygen determined. 

If the percentage satura- 
26 53 80 106 133 tion is then plotted against 


Percentage saturation of blood with oxygen 


Partial pressure of oxygen KN/m* the oxygen tension, an oxygen 
I. Oxygen dissociation curve for human dissociation curve is obtained. 
haemoglobin. The curve is not linear, instead 


it is S-shaped or sigmoid, as shown in the accompanying graph (I). 
Notice, that at a partial pressure of oxygen at 8:0 units, the percen- 
tage saturation of blood with oxygenisas high as above 90. Had the 
relationship been a linear one, as shown by a broken line, the saturation 
would have been only 60. Thus the sigmoid curve indicates that the 
blood can become fully saturated at relatively low oxygen tensions. 
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The dissociation curve, specially the steep part of it, also indicates 
that a small drop in oxygen tension will bring about a comparatively 
large fall in the percentage 
saturation of blood. This is 
what happens in the tissues 
where oxygen dissociates 
with blood for the tissues to 
use it. 

The second graph shows 
the percentage saturation of 
blood with oxygen in rela- 
tion to the increasing press- 
ures of carbon dioxide. 

It will be seen that in- 
creasing the carbon dioxide 
tension has the effect of 
shifting the oxygen-dissocia- 
tion curve towards the right. 
This is called the Bohr effect. 
In other words, it means, 

Partial pressure of oxygen KN/M? that at high carbon dioxide 

П. Effect of different carbon dioxide concen- tensions, the haemoglobin E 

` trations on the oxygen dissociation curve less efficient at taking up 

for haemoglobin. oxygen, but more efficient at 

releasing it. The release of oxygen is therefore favoured in the tissues 
where GO; tension tends to be high. 

In mammals, erythrocytes are round, (except in the family 
Camellidae where they are oval) biconcave and non-nucleated, they 
are $ jim in diameter, and occur in very large numbers, there being 
about four to six million erythrocytes in one cubic ml. of human 
blood. When taken out of the body of the animal, the erythrocytes 
have a tendency to pile up like rolls of coins—these. piles are called 
rouleaux, Erythrocytes of 4 mphiuma and Proteus (both tailed amphibia) 
are biggest, being about 4 mm in diamter (7.5 pm) or eight times bigger 
than human erythrocytes. Musk dear has the smallest RBC. PLAE 

Haemoglobin of erythrocytes carries out a respiratory function; it 
combines readily with oxygen at those places where oxygen pressure 
is high (as in skin, buccal cavity and lungs of frog) to form a loose com- 
pound called oxyhaemoglobin. Oxyhaemoglobin is transported to 
tissues where it breaks up into haemoglobin and oxygen. The oxygen 


Percentage saturation of blood with oxyger 
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is used by tissues for oxidation of foodstuffs that release energy, the 
resultant carbon dioxide is carried away by the blood in solution. 
The life of erythrocytes is limited—in frog they live for about 100 days, 
and in man for about 120 days. The erythrocytes are made in the 
embryo by the liver or spleen, but after birth they are formed in red 
bone marrow, kidneys and spleen. The organs which produce blood 
corpuscles are spoken of as haemopoietic tissues, and the process of 
their formation is called haemopoiesis. Bone-marrow cells, called 
haemocytoblasts, undergo differentiation to form erythrocytes which 
acquire haemoglobin, and the nuclei are extruded from them (in 
mammals), then they are released into the blood stream. In amphibians 
blood corpuscles are normally produced in the liver and kidneys, 
but during the active periods of life, such as in the breeding season, 
the bone marrow also becomes haemopoietic. In mammals the red 
bone marrow produces the red corpuscles, some varieties of white 
blood corpuscles, and also blood platelets. The haemopoietic tissue 
constantly manufactures millions of erythrocytes every second of 
every day of our lives and the excess supply of red corpuscles is stored 
in the spleen, which thus serves as a ‘blood bank’. The old and worn 
out erythrocytes are destroyed by the spleen, liver and bone marrow. 
As RBC grow older, their membranes become weak and the corpuscles 
break within the capillaries. The reticuloendothelial cells in the liver, 
spleen and bone marrow eat up broken RBC. Theiron of haemoglobin 
after the break-down of RBC is cordoned by spheres of a protein called 
ferzitin to form an iron-containing pigment haemosiderin and bile pig- 
ments bilirubin and biliverdin. The bone marrow uses most of the 
iron of haemosiderin over again for producing new red cells, bile pig- 
ments go down into the intestine and are passed out with faecal matter 
while ferritin is restored to blood plasma. 

The red count. The number of RBC is determined by the ‘red count’ 
or is estimated by the haematocrit. The haematocrit is the % of RBC 
in whole blood, for instance, a haematocrit of 47 means that there are 
47 ml of blood cells in 53 ml of plasma. Thus 47 (= 7, norml range) 
is the haematocrit of a man, and for a woman it is about 42 (+5). 

White blood corpuscles or leucocytes—The white blood corpuscles 
are nucleated cells, irregular in shape, they are much less nume- 
rous than erythrocytes, there being about 7,500 per cubic ml.; but 
this number fluctuates, since they can pass out from blood capillaries 
and enter the lymph. Leucocytes have independent powers of amoe- 
boid locomotion by means of pseudopodia. Some leucocytes can 
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engulf bacteria and small fragments of tissues; such corpuscles are 
called phagocytic, and they can move against the flow of blood. Leuco- 
cytes have a short life, 24 hours to 30 hours. New leucocytes are pro- 
duced constantly in the liver, yellow bone marrow and spleen of frog, 
but in mammals they are made in red bone marrow, spleen, thymus 
and lymph nodes. There are two main varieties of leucocytes accord- 
ing to the presence or absence of granules in their cytoplasm—the 
one with granules are granulocytes, and the other without granules 

are nongranulocytes or agranulocytes. е 


(а) Granulocytes ог polymorphonuclear leucocytes—Granulotytes ' . 


are irregular, having granular cytoplasm and a nucleus made 
of several lobes connected by narrow strands. They form 
about 70% of total leucocytes, and are produced in red bone 
marrow. Granulocytes are classified, according to the staining 
properties of their cytoplasmic granules, into three subtypes : 


à) 


(ii) 


Basophils, which are stained readily with basic dyes such as 
methylene blue. They have large granules and a nucleus 
with two lobes. They are non-phagocytic and constitute 
0:5% of total leucocytes. 
Eosinophils (first discovered by Paul Ehlrich) which are 
readily stained with acid dyes like eosin. Their nucleus 
has two lobes, and they constitute about 3% of total 
leucocytes, they too are non-phagocytic. 

A new form of eosinophil has been discovered by Jacob. 
S. Hanker (1980). This cell has been named ‘medusa cell’ 
as its tentacle-like processes make it look like a medusoid 
jellyfish. With these processes the medusa cell moves and 
engulfs cells other than bacteria. The real use of medusa 
cell is yet to be found. If, however, it destroys r.b.c., then 
it is dangerous, because then it may cause anaemia that 
accompanies certain illnesses, like leukemia. On the other 
hand, if the medusa cell digests diseased cells, it can 
be useful in curing cancer and other such diseases. 


(iii) Neutrophils (heterophils), which can be stained with neu- 


tral dyes. The nucleus is many-lobed, and they form 
67% of total leucocytes. Neutrophils are not only most 
numerous but they are phagocytic; they engulf foreign 
bacteria and destory them. 


(b) Agranulocytes have a large nucleus and non-granular cyto- — 
plasm; they are of two kinds :— 
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hotograph showing battle in a drop of blood. WBC 
‘destroying typhoid bacilli. (Nigam 1968) 
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| AVERAGE COMPOSITION ОЕ HUMAN BLOOD 
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| Contents Normal range (mg/100 ml blood) 

| Total solids 19-23% (by vol) 

| Blood corpuscles 40-50% (by vol) 

| RBC 4,000,000-2,000,000/cu. mm 

| WBC 5,000-10,000/cu. mm 

| Platelets 300,000-500,000/cu. mm 

| Plasma 50-60% (by vol) . 

| Total proteins (plasma) * 6:8-8:8 gm/100 ml 

F Albumin ў 46-67 ,, 

L Globulin = ‚ | 15-29 „ © 

| Fibrinogen 54 300-600 

| Prothrombin  , 20-30 

| Urea р 20-30 

| Uric acid 2-3:5 

| Creatinine 1-2 

| Creatine 3-7 
Amino-acids (free) 30-48 

| Ammonia 0:1-0:2 

| Glucose 80-120 

| Total fatty acids 290-410 

| Cholesterol 150-190 D 

| Lipid phosphorus 12-14 

| Inorganic phosphorus (plasma) 3-4 (as P) 

| Total acetone bodies (as acetone) | 0:8-5:0 i 
Bilirubin 0:1-0:25 
CO, arterial blood 45-55 vols/100 ml 

[ » venous blood 50-60 ,, 

| O, arterial blood 1523 , 

| O, venous blood 10-18 ,, 
Ascorbic acid 0:8-2:4 
Lactic acid 5-20 

| Phenols (free) 1-2 

| Chlorides (as NaCl) 450-500 

| Sulphates inorganic (plasma) 0:9-1:1 

| Calcium (plasma) 9-11 

1 Magnesium ,, 1-3 
Sodium _,, 330 4 
Potassium  ,, 16-22 3355 
Todine 8-15 micrograms/100 mt S 
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indented nucleus and the cytoplasm forms a narrow non- 
granular rim. Lymphocytes form about 28% of total 
number of leucocytes; there are both small and large 
lymphocytes. They are produced in the spleen of a frog 
or in lymph nodes of mammals and are useful in the 
defences of the body and in the healing process. 

Gi) Monocytes or mononuclear leucocytes—Monocytes are 
oval, irregular-shaped, non-granular cells with a bean- 
shaped nucleus and abundant cytoplasm; they cons- 
titute 1-375 of the total leucocytes. Monocytes are phago- 
cytic and are produced in spleen or lymph nodes. 

Leucocytes of various kinds have their chief activities 
in tissue cells; they transport substances, remove dead cells 
and decaying tissues, fight bacteria, and act as guardians 
of the circulatory system. When foreign agents, such as 
bacteria, enter the body or any part is injured, the phago- 
cytic neutrophils and monocytes (and some small lympho- 
cytes) squeeze themselves out from the endothelial walls of 
capillaries, and this is called diapedesis. The phagocytes 
catch hold of foreign bacteria and engulf them by their pro- 
toplasmic processes, the bacteria are broken up and diges- 
ted by means of their lysosomes. Some phagocytic leuco- 
cytes may be destroyed by bacteria. The dead leucocytes, 
damaged fragments of tissues and such other things form 

^ the pus. 

Thrombocyfes or spindle cells—In addition to erythrocytes: and 
leucocytes, the blood of frog and lower vertebrates contains small 
spindle-shaped nucleated cells called thrombocytes which aid in coagu- 
lation of blood. 

Blood platelets—Blood platelets are found in the blood of mam- 
mals. They are not cells, though they may be similar to thrombo- 
cytes; they are pieces of certain giant cells in the bone marrow, they 
disintegrate at once when blood is shed and help in coagulation. 
They are somewhat rounded, colourless, biconvex and non-nucleated. 

Staining blood cells—The blood cells are stained with Leishman's 
stain. The stain is coloured blue and made by dissolving 10 g of 
Leishman's powder in 100 ml 9597 alcohol. Make a thin blood film 
on a microslide, dry in the air, spread out a few drops of stain on 
the film; after 3 minutes add equal quantity of distilled water. Throw 
away all the liquid after 3 minutes. Examine dry. WBC will be 
- stained liliac. 
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THE IMMUNE RESPONSE 

This is the second defence mechanism provided by leucocytes 
against bacteria and viruses. Each kind of micro-organism, whether 
bacterium or virus, contains a wide variety of macromolecules which 
act as mischiefmongers, biologically called antigens. When introduced 
into the living body, the antigens stimulate certain cells, derived from 
the lymphocytes, to produce corresponding proteins called antibodies. . 
Antibodies are special froteins (enzymes) which kill invading microbes 
or render them ineffective in several ways, but generally the antibodies 
adhere to the surface of the micro-organism making them clump to- 
gether (agglutination) or they may cause them to burst (lysis). Often 
lysis is after agglutination. The shattered remains of: the micro- 
organism are then digested by the phagocytes. Production of anti- 
bodies in response to antigens is called immune response. 

An antigen does not always results in the production of an anti- 
body. For instance, in one type of human leukemia, the antigen 
enforces a change in the genetic information of the leucocyte-pro- 
ducing cell which brings about two drastic changes in activity. One 
kind of white blood cell is no longer able to mature normally. In 
addition, these abnormal cells (WBC) produce antibodies that react 
with the red blood cells of the body. This results in the mass des- 
truction of red blood cells and the marked anaemia characteristic of 
many leukemias. v ; 

Antigen-antibodies complex is the basis of all kinds of vaccines. By 
putting a small dose of pox virus in the blood, the blood is tamed to 
produce pox-antibodies for a couple of years, i.e. immunity is developed 

. against such micro-organism. This technique was first developed by 

[Edward Jenner in the 18th century and later by Jonas Salk who visited 
India in Feb. 1984. Antibodies are very specific in their activities. Each ' 
kind of antibody is effective only against the kind of micro-organism 
that brought about its production or, occasionally, against very similar 
micro-organisms. An antibody produced as a result of infection by the 
mumps virus has no effect upon the organisms of diphtheria or typhoid. 
Antibodies fighting against toxins are called antitoxins. 

The kind of immunity just described is called active immunity, 
as it is produced by the body after birth. Before birth and during 
embryonic development in mammals some antibodies of the mother 
leak into the embryo through the placental circulation of blood. 

red by the mother that protects the new — À 


This is passive immunity confer 
born for some time. 
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Interferon—Another form of defence mechanism in the living 
system is the production of interferon. This is a protein produced 
by the living cells in extremely small quantities but quite effective in 
preventing the multiplicetion of viruses. Unlike antibodies, inter- 
feron is non-specific, i.e., it is effective against a wide range of viruses, 
not just one. These include the influenza and polio viruses. Inter- 

~ feron is believed to be more effective against viruses in the same species 
of animal in which it is manufactured. Effozts are being made to 
obtain substantial quantities of interferon from protozoa and bacteria 
throuzh genetic engineering. 

The precise mechanism involving the interferon and interleukin, 
is graphically shown in the illustration. Briefly stated, it begins when 
virus touches down on the surface of a living body cell. The cell- 
membrane is dissolved and the invading virus squeezes its genetic 
material into the living cell, the empty shell of the virus is left out. 
Soon the viral genes win over the cell's genes and command the latter 
to manufacture the viral genetic matter (DNA) for the production of 
new generations of the virus. The first line of defence of the living 
individual comes into play, its lymphocytes (specifically, the helper 
YT—cells; T stands for thymus trained lymphocytes) identify the 
"sick cells", the cells which were invaded by the virus and send signals 
to the killer T—cells. This way some viruses are destoryed by the 
special phagocytic lymphocytes called **killer T—cells” before the new 
generations of viruses crash out of the living cells, bat may vicisss 


find their way to healthy living body cells to produce new genera- 
tions of the viruses and disease. 


Second line of defence comes into action against the increasing 
number of sick living cells and the viruses released from them. The 
antibodies—missile-like components of the immune system are released 
from plasma or B cells (of lymphocyte origin) and engage themselves in 
battles against the viruses making them ineffective. A third line of 
defence is alerted. This consists of chemical ‘Messengers, the 

‚ lymphokines, like interferon and interleukin-2 produced universally by 
all living cells. These chemical messengers reach the healthy living 
cells in the neighbourhood and sound an “alert” signal. Signalled 
in this manner in advance, the healthy cells stand ready to meet th 
invading army of viruses. [See ‘Thymus’ Chap. 38] 

If the defence mechanisms, stated above, succeed in containing or 
restricting the numbers and activities of the invading viruses, the living 
body wins the battle, otherwise more and more living cells become 


е 


ССО. Vasishtha Tripathi Collection. Digitized by eGangotri 


e 


BLOOD AND LYMPH 189 


Ф Pollo virus 
с Kiiler 
lymphocytes 


=< Antibody 


gars Chemical 
“se messengers 
AUG viral genes 


VU Human genes | 


Stage 1 invasion. A typical virus touches down on the 
and releases its cargo of genetic material into the cell = 
Stage 2 Hijacking the cell. The viral genes take over the genetic code of the 
human cell, turning it into а factory for manufacturing new viruses, 


Stace 2 Replication. Some of the manufactured viruses migrate to the cell's 
Surface where they may be detected by the body's tirst line of detense—“killer 
lymphccytes These specialized white blood cells are capable of destroying  * 
infected ceils before many viruses break out 

Stage 4 Escape. Despite the lymphocytes, some infected cells invariably 
rupture, releasing a new generation of viruses to wreak destruction 


Stage 5 Waging battle. Antibodies—missilelike components of the immune: 
system—rush to the enemy Because of complementary "key lock" structures, . 
the antibody is able to attach itself to the virus, prohibiting the invader from doing 
more damage. Meanwhile, infected cells send out chemical messengers such as 
inteferon and interleukin 2 (arrows), which alert healthy cells nearby to mount 


defenses against the impending attack 
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ck 
ror 


Stage 6 Victory. If the warning Defeat. Should the body's defense 
comes in time, neighbouring cells be broken—if antibodies are 
are able to repel viruses from their deployed too slowly or in insufficient 
sürfaces, thereby containing the numbers—the virus may dominate. 
infection. Steps to repair the cell are The result is massive cell hemorr- 
set ín motion. Health is restored: haging and death. 


sick slaves producing new generations of viruses and die in the service 
of viruses. The virus wins and disease sets in. 

Viral hepatitis, herpes, and Acquired immune-deficiency syndrome 
(AIDS) caused by viruses are gaining urgent international attention. 
Virus causing AIDS known as human-immuno-deficiency virus 
(HIV). It was discovered by Robert Gallo and party in 1983. AIDS 
virus kills helper T—cells, thereby breaking down the entire defence 
machinery. AIDS virus is also known as LAV Lymphadenopathy 
associated virus, and HTLV-3 (human T-cell lymphotropic virus). 

HLA—In 1952, haematologist Jean Dausset discovered the human 
lucocytic antigen (abbreviated to HLA). This is a substance in the 
white blood corpuscles of man that fights infection. HLA compo- 
nents can be arranged in 150 million different ways and there are 
similar variations in all the other ingredients of a drop of blood—the 
RBC, the enzymes, and the platelets. So numerous are these variations 
that, with the exception of identical twins, there is no chance of two 
human beings having the same blood pattern. For example, people 
who live at high altitudes, can have up to twice as many RBC as those 
who live by the sea, because in a rarefied atmosphere on hills and 
mountains they need more oxygen. And because the air is cleaner 
at high altitudes, their blood lacks mechanisms that give immunity 
against the diseases common at lower levels. (See HLA typing describ- 
ed with blood groups, Chapter 42). 

Coagulation of Blood 

Vertebrates have a remarkable mechanism for preventing the 
escape of blood from injuries; this is done by coagulation of blood 
to form a clot which prevents further bleeding. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


е 


BLOOD AND LYMPH 191 


The blood contains an inactive enzyme known as prothrombin 
which is kept in check by another substance in blood called antipro- 
thrombin or heparin. Thus the blood flowing normally in blood 
vessels does not coagulate due to the presence of heparin. 

When an injury occurs, blood begins to escape from it, but the inju- 
red tissue cells and disintegrating blood platelets or thrombocytes on 
contact with wet and rough surface release the granules of a 
substance called platelet factor 3. This combines with several blood 
proteins and converts them into prothromboplastin or prothrombinase. 
Prothromboplastin immediately changes into thromboplastin after 
reacting with Ca**. Thromboplastin reacts with inactive prothrom- 
bin in the presence of calcium ions, changing it into active thrombin. 
Thrombin acts on blood protein fibrinogen (sol state) converting it into 
fibrin (gel state). The fibrin becomes a network of fine fibres which 
entangle corpuscles to form a clot at the site of injury. Thus clotting 
depends on the presence of prothrombin, thromboplastin and calcium 
ions, and an absence of any of these will prevent coagulation. 


Constituents of 87:78 RBC and МВС 


Normal blood PLATELETS andtissues x (Playing no part) 
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Mechanism of blood clotting. 
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After formation of a clot, its fibres contract and a yellowish liquid 
called a serum filters out through the mesh of fibrin fibres. Serum 
contains blood proteins and salts but it has no fibrinogen. 


After the clot has^served its purpose in preventing loss of blood, , 


it is dissolved by an enzyme, fibrinolysin (plasmin). This enzyme is 
present in blood plasma as an inactive proenzyme, profibrinolysin 
(plasminogen). The dissolution of clot is known as clot lysis. 


Tonized calcium of the plasma is an important activator of proth- 
rombin—thrombin reaction. Removal of Ca** by precipitation with 
oxalate ions, or by complexing with sodium citrate or a metal chelating 
agent such as Versene (ethylene diamine tetraacetic acid), effectively 
blocks the conversion of prothrombin. These agents are therefore 
used as anticoagulants. A polysaccharide containing alternate 
units of sulphated glucuronic acid and sulphamated glucose, and 
known as heparin is also an anticoagulant. Heparin, in conjunctoin 
with a cofactor in plasma, blocks the conversion of prothrombin to 
thrombin. 

In some persons,'the blood fails to coagulate within the normal 
time of about 3 minutes, with the result that even a small cut causes 
continued loss of blood. This disease is called haemophilia which is 
sex-linked and probably due to deficiency of thromboplastin. 


Coagulation time of the blood—Three minutes is the normal time 
for blood to begin to form fibrin for clotting. The average coagulation 
ime varies from 2-6 minutes, depending upon the method: used and 
the amount of blood. We can record coagulation time in two ways ; 

(1) Using a glass slide—Put a drop of your blood on a clean slide 
by pricking the tip of the finger with a needle. Before pricking, apply 
alcohol to the finger and sterilize the needle by passing it through a 
flame and then dipping it in alcohol. Note the time when you put the 
blood on the slide. Slowly pull a clean needle through the drop of blood 
at 1/2 minute intervals. When a fine thread of fibrin can be pulled 
up by the point of the needle then coagulation has begun. Record the 
time interval between the flow of the blood and the coagulation time. 

(2) Using a capillary tube—Heat a capillary tube over a burner 
flame to make finer capillary pipettes. Prick the finger as before and 
suck the blood into the capillary pipette. At 1/2 minute intervals break 
off small parts of the pipette; when you see a fibrin thread at the broken 
end, then you know that coagulation has begun. Record the time. 

[See Blood Bank, Blood transfusion and Blood groups in Chapter 42] 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


А eer, NR. 


Ae 


BLOOD AND LYMPH 193 


Functions of Blood 


(i) Transport of nutrition—Blood carries digested food, water, 
chemical substances, hormones and vitamins to the tissues. 

(2) Transport of oxygen—It transports oxygen into the tissues 
for oxidation of foodstuffs. Oxygen is loaded in red blood corpuscles 
and released in the tissues. 

(3) Disposal of cerbon dicxide—Active tissues continuously 
liberate carbon dioxide as a result of oxidation. The blood plasma 
and erythrocytes pick up CO, and take it to the organs of breathing 
from where it is released. 

(4) Transport of excretory products—Blood transports nitrogenous 
wastes from various tissues to the liver. In the liver nitrogenous wastes 
are elaborated to urea or uric acid. Blood again transports these com- 
pounds to the kidneys from where they are removed out of the body. 

(5) Regulation of body temperature—Whereas muscular activity 
produces heat, the lungs lose heat with the expired air. Blood as 
circulating fluid carries heat from the regions where it is produced to 
other parts from where heat is lost; thus it regulates body temperature. 

(6) Fighting diseases—Blood fights diseases in two ways—{a) by 
phagocytosis in which phagocytic leucocytes kill and destroy foreign 
bodies, and (b) by producing antitoxins and antibodies that neutra- 
lize the harmful effects of foreign bodies. 

(7) Protection against its own loss—It protects abnormal loss ot 
blood by making a clot over the injured part. 

(8) Xt helps in healing wounds—Blood brings materials necessary 
for healing up wounds. Lymphocytes help in the healing process. 

(9) Blood is a carrier of various hormones and chemical substances 
from one organ to another by which it secures a harmonious co-opera- 
tion of body parts. 

Blood products—More than twenty different products can be made 
from blood plasma at the Blood Products Laboratory, London. 
First, the blood plasma itself is separated from fresh blood into a 
variety of components by a process called fractionation, Then various 
plasma products are processed. Those in great demand are albumin, 
used for burns victims, and Factor ҮШ, used for the treatment of 
haemophiliacs. Immunoglobins separated from blood plasma are 
used to increase patients’ resistance to a range of infections. 


A.B.—14 
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LYMPH 


An account of lymph was given in the preceding chapter. Lymph 
is a body fluid similar to blood but without red blood corpuscles 
and some proteins of fhe blood plasma. It contains in its plasma 
some blood proteins, glucose, salts, amino-acids and water in addition 
to lymphocytes floating in it. Lymph serves to transport materials 
from the tissues into the blood system, and from the blood into the 
body cells; it has the power to form a clot. 


€ SPLEEN 


The spleen has an outer capsule made of fibrous connective tissue 
and involuntary muscles. Blood vessels pass inwards from the 
capsule and are surrounded by connective tissues and muscles, they 
are called trabeculae which divide the spleen into lobules. The 
lobules of spleen are made of splenic cells of all sizes which may be 
pigmented, the lobules also form red and white pulp. Red pulp 
consists of modified lymphatic tissue, macrophages, lymphocytes and 


[EG 


RED PULP ''"  spLENIC LOBULE 


rue < — 


Fig. 116 Transverse section (part) of spleen. 


erythrocytes. White pulp consists of sheaths of lymphatic tissue, 
which in a section appear like isolated circular masses called splenic 
nodules or corpuscles. 


Spleen shows characters of lymphatic tissue but it is interposed in 
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the blood stream, and blood, not lymph, filters through it. It performs 
the following functions :-— 


(1) Its macrophages (phagocytes) engulf and destroy old and weak 
erythrocytes. 
(2) Spleen is a sort of ‘blood bank’ where blood is stored and can 


be mobilized into the blood stream in situations such as great muscular E 
activity or loss of blood. Contractions of its capsule then force the 
blood into the blood stream. 


(3) In the embryo, the spleen produces erythrocytes, but, this 


function is lost in an adult, though it continues making lymphocytes. 


(4) Spleen produces antibodies which serve as a defence mecha- 


nism against bacteria of certain diseases. 


Questions 


What is haemopoiesis ? Which organs in frog are haemopoietic ? 
Differentiate between the granulocytes. 
The main function of leucocytes is— 

(a) to transport oxygen (b) to transport wastes 

(c) to fight infections (d) to help coagulation. ? 
Which protein/proteins is/are found in the blood— 

(a) myosin (b) myoglobin (c) fibrinogen 

(d) globin (e) globulin 
Give basic differences between RBC of frog and of man. 
Differentiate between : 

(a) diapedesis and haemopoiesis 

(b) spindle cells and platelets 

(c) antigens and antibodies 

(d) plasma and serum 
Why blood does not clot if a few crystals of sodium citrate are 
added to the freshly collected blood ? 
How is it that in spite of the presence of spindle cells in the 
arteries, the blood does not clot ? 
Why spleen is said to be the “blood bank’ of the body ? 
Which mammal has oval RBC ? 
In what ways frog’s blood is different from man's blood ? © 
Explain the mechanism of clotting of blood. How can tbe 
blood be prevented from clotting ? 
Defibrinated blood is : blood plasma/serum*/coagulated blood/ 
blood proteins/none. 
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Source of fibrinogen is : liver*/blood/lymph/bone marrow/spleen/ 
none. 


Blood clotting is synonymous of : homeostasis/haemostasis*/ 
haemopoiesis. & 


Even at extremely low concentrations, carbon monoxide. in the 
inspired air can be fatal to life. Give reasons. 


. Interferon antagonizes : 


micro-organisms / bacteria / viruses* / fungal spores. 
Polio vaccine was first made by : 
Jonas Salk* / Edward Jenner / Khorana / Sanger. 


. Quantity of blood in a 70 kg man is about— 


(a) 3 litres, (b) 5 litres*, 
(c) 7 litres, (d) 10 litres. 
Antibodies are synthesized in— 
lungs / blood / kidneys / lymph glands*. 
Rouleaux are— 
clotted RBC / piles of RBC*/ parts of platelets | dead WBC. 


Haematocrit is the percentage of RBC in whole blood* / % of 
WBC/% haemoglobin. 


An antigen in the white blood corpuscles of man is known as— 
LAH / HAL* / AHL. 


- Interferon is a protein produced in the— 


RBC / WBC / every body cell* / none of them. 
Human blood will not clot unless following are present — 
Fet+ | Са++*/ K*[Na*. 
‘AIDS’ stands for.......... 
“HIV” is an audio-company/virus*/an international organization. 
Smallest RBC are found in— 
Man / frog / musk deer*/rat. | 
Whose RBC are roughly eight times bigger than those of — 
man’s : elephant / giraffe / Amphiuma* / whale / Proteus. 
Antibodies are produced by : red blood corpuscles / eosinophils / 
basophils /lymphocytes*. (CPMT-1988) 
Blood groups are named because of agglutinogens A and B pre- 
sent in / on : plasma / RBC*/ WBC/platelets. (СРМТ-1988) 
HIV is also called LAV and HTLV-3 which stand for 
апа........ z ; 
The ion that is necessary for coagulation of blood 1з: 
Na*[Ca* t*/K*/Zn**. (PMT-1991). 
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RESPIRATORY SYSTEM 


t 


All Jiving organisms require energy to carry out various activities 
of organs and cells. The energy requirements are met by oxidation 
of foodstuffs, e.g., oxidation of glucose produces energy. The indivi- 
dual cells of living tissues cannot obtain oxygen directly from the out- 


side world. This prime need 


of transporting oxygen from the source 


of supply to the tissues and cells, and conveying the end-products of 
respiration (CO, and water) back to the respiratory organs is met by 
the circulating blood. It is, therefore, obvious that there must be a 
constant supply of oxygen, а respiratory surface which can pick ире 
oxygen and put out CO,, a respiratory pigment such as haemoglobin, 
and a transporting medium such as blood. All these requirements 


are only concerned with the i 
and the removal of СО„ 


ntake of oxygen, its transport to tissues 
but the actual liberation of energy 


takes place within the tissue-cells with the help of some enzymes 
found in cells. All those steps which bring in oxygen and remove 
carbon dioxide may be collectively put under ‘breathing’ or more 
technically external respiration, and the complex series of chemical 


changes by which energy is 


liberated in the cells, constitute tissue 


respiration or internal respiration. [Detailed physiology of respiration 


follows in chapter 35] 


Organs of Sound production 
Production of sound is essentially an act of respiratory system. 


The organs of sound pr 


oduction are therefore always associated with 


the breathing system. Tbe glottis at the posterior end of pharynx leads 
into a laryngotracheal chamber, which lies between the posterior cornua 


of the hyoid apparatus. 
by two cartilages; a pair of 
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which lies the glottis, and an oval ring-like cricoid cartilage having a pair 
of posteriorly-projecting tracheal processes. Muscles attached to 
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Fig. 117 Laryngeal cartilages "of frog. 


arytenoids can open or close the glottis. The cavity of laryngotracheal 
chamber has a pair of muscular and flexible membranes called vocal 
cords which lie horizontally arvrencip 

and are formed by the lining CARTILAGE 
of the chamber. Between 
с the vocal cords is a narrow 
slit, the rima  glottidis, 
through which air passes. 
The muscles attached to 
cartilages can stretch ог МУ 
relax the vocal cords. When ©АЛУ!ТҮ Авен 
they are stretched and close : 
together, air is forced А: 

through the rima glottidis " Lune 

and the cords vibrate to Fig. 118 Laryngo-tracheal chamber cut 
produce a sound which is open to show vocal cords. 

the croaking of a frog. The vocal sacs present in male frogs act as 
resonators and intensify the volume of sound. 


Organs of Breathing 


In a frog there are three respiratory organs where an exchange of 
О, and CO, takes place, they are the skin, bucco-pharyngeal cavity, 
and the lungs; thus there is cutaneous respiration through the skin, 
bucco-pharyngeal respiration in the mouth cavity, and pulmonary 
respiration by the lungs. 
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1. Cutaneous breathing—Cutaneous respiration occurs all the 
time whether a frog is in water or on land. During hibernation or 
aestivation, it is the only method of respiration. 

The skin has a rich supply of blood bgcause it contains many 
‚blood capillaries and the skin remains moist all the time due to 
surrounding water or by mucus on land. Mucous glands of the skin 
secrete mucus which holds a thin film of water underneath. The at- 
mospheric air dissolvesén the film of water and diffuses into the blood 
capillaries. Haemoglobin of blood combines with oxygen to form a 
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Fig. 119 Breathing organs of frog. 


loose compound, the oxyhaemoglobin, which is conveyed by blood to 
the tissues where it readily breaks up into oxygen and haemoglobin. 
The oxygen is used by tissue cells and the resultant carbon dioxide is 
carried by the blood to the skin where it diffuses into the film of water 
and passes out. In frog the oxygen uptake by means of skin is about 
50 ml/kg body weight/hr throughout the year, while the uptake by 
lungs increases in spring and summer and is Zero during hibernation. 
2. Buccopharyngeal and Pulmonary breathing —Behind the bucco- 
pharyngeal cavity is the glottis. It leads into a small laryngotracheal 
chamber. There being no neck in the frog, the laryngotracheal 
chamber leads into the lungs by means of a very short tube called 
bronchus. The lungs are thin-walled, elastic, hollow bags, they are not 
only respiratory but are also hydrostatic organs, when they are inflated ; 
they reduce the specific gravity of the frog. The wall of lung has a 
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peritoneal epithelial covering, below which is a layer of unstriped 
muscles and connective tissue; lining the wall is a layer of ciliated 
epithelial cells. Scattered in the ciliated epithelium are numerous 
mucous gland cells which produce mucus. The wall is partitioned 
by septa into numerous air spaces or alveoli. Capillaries of blood 
vessels traverse the septa and the wall. 
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Fig. 120 L.S. of lung of frog. 


In pulmonary breathing, gulping movements of the floor of mouth 
cavity are seen when air is forced into lungs. In the floor of the mouth 
cavity is a cartilaginous plate called hyoid apparatus. Attached to the 
hyoid are two pairs of muscles, a pair of sternohyal muscles and a 
pair of petrohya] muscles. Sternohyals arise from the coracoid. and 
clavicle and are inserted in the ventral surface of hyoid. Petrohyals 
arise from the outer side of auditory capsules in the form of several 
bands and are inserted into the upper surface of the hyoid. Contrac- 
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tion of sternohyals lowers the hyoid and the floor of the mouth cavity 
and air rushes in through the nares into the mouth cavity. The mouth 
and glottis remain closed. The nostrils are then closed by a system 
of cartilaginous levers. One such cartilage is a small curved rod- 
like rhinal process arising from the olfactory capsule on each side. 
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Fig. 121 Arrangement showing mechanism of breathing. 
A—Shows lowering of the floor of buccal cavity, air rushes in through 


the open nostrils. 
B—Shows raising of the floor, air under pressure is forced into the 


lungs, nostrils being closed. 


By tightening the jaws, the rhinal processes are pushed to close the 
nostrils, At the same time the chest is compressed slightly so that 
some air from the lungs pushes through the glottis into the mouth 
cavity and mixes with the fresh air there. The petrohyals now 
contract, lifting the hyoid and raising the floor of the mouth cavity. 
The mouth, external nares, and the gullet being closed, the air of 
bucco-pharyngeal cavity is forced by the rising floor into the glottis 
and thence into the lungs. This taking in of air into the lungs is called 
inspiration, ` 
Following the inspiration immediately, the jaws relax and the floor 
of buccal cavity again moves downwards, thus the rhinal processes 
Come back into position and the external nares are opened... Con- 
traction of the lungs and abdominal muscles force the contained air 
out of the lungs into the mouth cavity from where it goes out through 
used air is called expiration, The air 


the nares. This passing out of 1 
which is expelled from lungs mixes with the fresh air contained in 
the bucco-pharyngeal cavity. This mixed air is forced into lungs 


when external nares are closed, consequently lungs do not receive | 


entirely fresh air. 
LI 
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Bucco-pharyngeal breathing takes place while air is locked in 
the bucco-pharyngeal cavity for some time during each inspiration. 
But breathing by means of bucco-pharyngeal cavity is less important 
than has been generally held. Measurement of capillary surface in 
the mouth of frog has shown that they account for only 0:9%, 
whereas those of lung and skin account for roughly 65% and 35% 
respectively of the total respiratory surface. 


Respiration 


All those steps involving taking in of oxygen and removal of 
carbon dioxide are put under ‘breathing’ or more technically external 
respiration, and the complex series of chemical changes by which 
energy is liberated in the cells constitute internal respiration or tissue 
respiration. 

External respiration—Taking in of oxygen and passing out of 
carbon dioxide by skin, bucco-pharyngeal cavity and lungs constitute 
breathing or external respiration. Haemoglobin, a respiratory pigment, 
isfound in erythrocytes. The importance of haemoglobin in respira- 
tion lies in its ability to combine easily with oxygen. In respiratory 

surfaces such as in alveolar space, there is a high concentration of O,, 


mm.Hg) e 


А a т" “ со; 
LEA ae 46 mm. Hg) £7 
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air and O, is taken in return; № goes either way. 


for instance 100 mm. Hg, while in the venous capillary at the same 
time it is 37 mm. Hg. Oxygen, therefore, diffuses into venous capil- 
laries and in the presence of moisture, this oxygen combines with 
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haemoglobin to form oxyhaemoglobin. Oxyhaemoglobin is scarlet red 

in colour. It is a very unstable compound because it gives up its 
oxygen readily, it is then known as reduced haemoglobin or simply 
haemoglobin which has a purplish-blue colous The oxyhaemoglobin 

is transported by blood to all parts of the body, where it gives up 
most of its oxygen to the tissues. Some oxygen is also dissolved 
in the plasma and is transported in this state. The CO, produced > | 
in the tissue cells due t$ their respiratory activities is conveyed back | 
to the breathing surfaces by the blood, where the above two | 
processes are reversed. The pressure of CO, in the venous capillaries 

of alveoli and other respiratory surface is, say 46 mm. Hg., and in 
the alveolar air, say 40 mm. Hg. Hence CO, moves out from the 
venous capillaries and is passed on in the alveolar air. 

The O, concentration in the tissues is lower than in the blood 
so that a continual diffusion of O, takes place from the blood plasma 
into the tissues. Thus the respiratory system is concerned solely with 
external expiration. The entire amount of N, of the inhaled air 
passes out completely with the expired air. 

Internal or, Tissue or, cellular respiration—Truc respiration called 
internal or tissue respiration occurs in tissue cells. Individual cells of 
tissues do not come in contact with blood capillaries, but cells . 
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have a tissue fluid similar to lymph, which has actually diffused out 
from capillaries. The protoplasm of cells has several respiratory 
enzymes which in many long reactions bring about oxidation of 
glucose to unlock its- energy; CO, and water are by-products, 
(Detailed account of cellular or tissue respiration follows in chapter 35.) 


Questions 
l. Differentiate between : ET 
(a) vocal cords and vocal sacs. 
(b) sternohyals and petrohyals. 
(c) breathing and respiration. 
(d) oxyhaemoglobin and reduced haemoglobin. 


2. What part of the endoskeleton helps in controlling the passage 
of air through the nostrils of frog ? 


3. Describe the mechanism of ventilation of frog’s lungs. 


4. What is meant by respiration ? Describe where external respira- 
tion takes place in the frog. 


5. Describe briefly the exchange of gases in the frog. 


6. Cell membrane of RBC is less permeable to : 
HCO,-/H+*/ K+/Cl-. 


1 
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CHAPTER 1 3 


NERVOUS SYSTEM 


A fundamental property of living matter is irritability or the 
ability to respond to stimuli. In complex animals some kind of 
a controlling mechanism is necessary to regulate and coordinate 
the activities of various parts of the body. This is done by the 
nervous system, which not only responds to stimuli, but also possesses 
а remarkable ability to store the effects of previous stimuli for a 
shorter or longer time, so that they influence later stimuli. Nervous 
tissue is made of neurons and nerve fibres, and between them is some 
packing material called neuroglia. The nervous system is divisible - 
into three parts:— 

(1) Central nervous system consists of the brain and the spinal 
cord, the former lodged in the brain-box and the latter inside the 
vertebral column. The central nervous system co-ordinates and con- 
trols various activities of an animal. s 

(2) Peripheral nervous system consists of nerves arising from the 
central nervous system and extending into the organs of the body. 

С) Autonomie nervous system ot eyang of tho viscera 

i ands 
igi consed о MPSA oos sie It controls the functions of 


and also to the central nervous - 
those organs which are not under the voluntary control of the will. 
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nervous system. The meninges and the fluid between them protect 
the delicate central nervous system from shocks. 

Brain—Brain is a cylindrical, bilaterally symmetrical, white-coloured 
structure divisible into.three main parts:— 

(1) Fore brain or prosencephalon (2) Mid brain or mesen- 
cephalon (3) Hind brain or rhombencephalon. 

Fore brain—Fore brain is the largest part of the brain and con- 
sists of paired olfactory lobes, a pair of cerebral hemispheres, and 
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Fig. 124 Brain of frog. 
A—Dorsal view B—Ventral view. 


the diencephalon.” ;The olfactory lobes are a pair of large, elongated 
lobes joined in front to olfactory nerves, Each lobe is a prolong- 
ation of the cerebral hemisphere and the two lobes are joined medially. 

The cerebral hemispheres (or cerebrum) constitute the greater 
part of the fore brain. They are wider behind and narrower in front. 
The two hemispheres are separated from each other by a longitudi- 
nal fissure. Each hemisphere has a hollow spacknowneas lateral 
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ventricle or paracoel Lateral ventricles are prolonged in front to 
form ventricles of olfactory lobes called rhinocoels. Posteriorly, the 
lateral ventricles communicate with each other and with the ventricle 
of the diencephalon by an opening called einterventricular foramen 
or foramen of Monro. On ventro-lateral sides of the hemispheres 
is a pair of thick fibrous tracts, they are corpora striata (singular — 
corpus striatum) consisting of a network of white medullated nerve • 
fibres and nerve cells. The corpora : : 
striata of the two sides are joined 
by a transversely running tract of 
fibres called anterior commiss- 
ure. The dorsal wall of the hemi- 
sphere is the pallium, which at first 
is formed of non-nervous epithe- E | EAR. 
lial tissue, but some nerve cells Е 
invade the pallium, so that it р 
becomes nervous and has rudi- f FORAMEN OF 
mentary grey matter, having — (S Е моне 
scattered nerve cells confined to ҳк 
the inner surface and adjacent to [> 
lateral ventricles. { 
Diencephalon ог  thalamen- Ñ 
cephalon is an unpaired part of 
the fore brain situated behind the 
cerebral hemispheres. , It has a 
narrow cavity, the third ventricle 
or diocoel. The third ventricle УК 
has а thin anterior wall called EWE! CENTRAL CANAL 
lamina terminalis, which also EB 
marks the anterior boundary of 
the diencephalon. The roof of Fig. 125 Longitudinal horizontal section 
the third ventricle is thin and of brain showing ventricles. 
formed of non-nervous epithelial 
cells; to this is applied the thin vascular pia mater, the two together 
forming a thick anterior choroid plexus which is invaginated into 
the cavity of the diencephalon in the form of vascular tufts. On 
the roof of the diencephalon is a small hollow pineal stalk which, in a | 
tadpole, was connected to knob-like pineal body, but in an adult frog =} 
the pineal body separates from the stalk and lies outside the skull. In 
Some ether animals, the pineal body is connected to the pineal stalk 
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even in adult life and represents the remains of a third eye. The 
pineal stalk and pineal body are glandular structures of unknown func- 
tion. The side walls of the diencephalon are thick and known as optic 
thalami. The ventral wall-of diencephalon is thin and gives out a hollow 
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Fig. 126 Longitudinal vertical section of brain. 

median outgrowth called infundibulum. Attached to the infundibulum 
is a small non-nervous, glandular hypophysis. The infundibulum and 
hypophysis together form the pituitary body. The pituitary body is 
an endocrine gland and produces several hormones (see chap. 36). 
In front of the infundibulum the two optic nerves cross to form an 
optic chiasma, the fibres of optic nerves arise from the retina and after 
crossing, enter the brain on the opposite side. 

Mid brain—It is in the form of two rounded outgrowths, the optic 
lobes or corpora bigemina together, occupying dorso-lateral sites, Optic 
lobes are hollow containing cavities called optocoels or optic ventricles. 
Lying transversely between the diencephalon and optic lobes is a band 
of nerve fibres called posterior commissure. The floor of the mid brain 
is thickened into a pair of fibrous tracts called crura cerebri (singular = 
crus cerebrum), The mid brain has a thin canal, the iter or aqueduct 
of Sylvius, communicating in front with the third ventricle and with 
the fourth ventricle behind. 

Hind brain—It extends from the posterior limit of the mid brain 
to the spinal cord. It has two parts : (i) metencephalon or cere- 
bellum which is rudimentary and reduced to a transverse ridge, it 
is placed on the dorsal side immediately behind the optic lobes; 
(Ш) myelencephalon or medulla oblongata is short and somewhat 
conical. It is continuous with the spinal cord behind. It contains a 
triangular cavity termed the fourth ventricle or metacoel which is 
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joined in front to the iter. The roof of medulla oblongata is made of 
a very thin epithelial layer to which the richly vascularized pia mater 
is attached. This double layer, known as posterior choroid plexus 
projects into the ventricle in the form of vascular tufts. The floor 
below the fourth ventricle is thick. 
Spinal cord 

The medulla oblongata insensibly joins a sub-cylindrical, dorso- 
ventrally flattened spin&l cord emerging from the foramen magnum 
and passing backwards through the neural canals of the vertebrae. 
It tapers into a fine thread termed filum terminale lying in the 
urostyle. At the level of the two limbs the spinal cord presents swel- 
lings, a brachial or cervical enlargement and a lumbar or sciatic 
enlargement the former near fore limbs and the latter near hind limbs. 
The spinal cord is also covered by pia mater and dura mater. 
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Fig. 127 T.S. of spinal cord. j 
The pia mater passes into the spinal cord along the mid-dorsal 
and mid-ventral lines of the spinal cord to some depth as a dorsal 
fissure and a larger ventral fissure respectively. i From the dorsal - 
fissure a thin membrane called dorsal septum passes inwards. Running 
lengthwise in the middle the spinal cord has a narrow central canal 
continuous with the ventricles of the brain but ending blindly 
posteriorly. It is lined by a single-layered columnar epithelium 
termed the ependyma. Nerve cord is made of two kinds of nervous 
tissues occupying definite areas. Surrounding the central canal and | 
forming a quadrangular shape is grey matter composed chiefly of 

‚ А.В.—15 : 
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nerve cells, non-medullated nerve fibres, and supporting neuroglia 
cells. Outside the grey matter and surrounding it is white matter 
composed of bundles of medullated nerve fibres. Grey matter is 
produced at the corners into dorsal and ventral columns or horns. 
The white matter is divided by the grey matter columns into four 
zones or funiculi, the dorsal, ventral and two lateral funiculi. 

The arrangement of grey and white matter of the spinal cord per- 
sists in the posterior part of the brain, but:anteriorly the grey and 
white matters intermingle, and in the cerebral hemispheres and cere- 
bellum, some nerve cells begin to come into the white matterin a frog, 
but the number of such cells is almost negligible. 


Functions of the Brain 

Nerve fibres come from all parts of the body to the brain; conse- 
quently it is the centre for the control of all activities -of an animal. 
It receives impulses from the skin, sense organs, and visceral organs 
by sensory nerve fibres, and it issues orders through motor fibres to 
various parts for action. The pallium of cerebral hemispheres con- 
trols the olfactory, tactile and optic organs. The cerebral hemispheres 
co-ordinate the activities of the neuro-muscular mechanism of the 
body. They also control the inner ear for maintaining an equilibrium 
of the body. But the hemispheres are mainly the seat of voluntary 
actions, intelligence and memory. Diencephalon has centres for 
the control of metabolism of fats and carbohydrates, for regulation 
of genital functions and sleep. 

" Mid brain has many fibres and it is an important integrating part 
of the brain. Optic lobes and optic thalami receive nerve fibres from eyes 
and are visual in function. The cerebellum brings about a co-ordination 
in movements of locomotion, and it acts as an assistant to cerebral 
hemispheres making adjustments for their orders. Along with me- 
dulla oblongata, the cerebellum regulates complex muscular move- 
ments of the animal. The medulla oblongata is the great highway 
of communications between the brain and the body because many 
nerve fibres pass through it. It has nerve centres of reflex functions and 
controls involuntary actions of heart beat, respiration, swallowing, taste, 
hearing, sound production, and secretions of various digestive glands. 

Structure of a Nerve 
‘A nerve is composed of several bundles of nerve fibres. Each fibre 


is bounded by a connective tissue sheath called endoneurium conti- 
nuous with the neurilemma of nerve fibres. Many nerve fibres are held 
together forming a bundle called funiculus which is surrounded by a 
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sheath called perineurium. All the funiculi of a nerve are covered and 
held together by an outer 
sheath known as he 75 
epineurium which also 35 
lies around the peri- 
neurium. Some nerves 
at certain places have 
swellings called ganglia / | АЗ 
(singular—ganglion). A EWS s$ WESS KAANE PERINEURIUM 
ganglion contains a + Беу WEIN FAT CDLLS 
mass of cell bodies of “229 Pe ББ; 
neurons lying outside 
the central nervous 
system in vertebrates, i.e., in nerves only. 
Functional Divisions of the Nervous System 

The dorsal half of the central nervous system is sensory and the 
ventral half is motor. In the nervous system are innumerable neu- 
rons having cell bodies with branching dendrites on one side and 
a long axon on the other side. The dendrites conduct impulses to 
the cell body and the axon carries the impulse away from the cell 
body. In a connected series of neurons, the processes of one neuron 
are in communication with another cell body or its processes, by means 
of a system of contacts called synapses. It used to be believed that 
there was no actual continuity between two nerve cells, and in a synapse 
the axon endings of one nerve cell lay very close to the dendrites of 
the next nerve cell, and that impulses passed through such a synapse. 

The external or internal organs which receive sensations or stimuli 
are called receptors; the nerve fibres which convey the sensations to 
the central nervous system from receptors are called afferent or 
Sensory fibres; the organs to which stimuli are carried from the cen- 
tral nervous system are called effectors; and the nerve fibres carry- 
ing the stimuli from the central nervous system (0: the effectors are 
efferent or motor fibres. К { 

It is convenient to divide body functions into somatic and vis- 
Ceral categories. Somatic functions are those that are mediated by 
the body wall (skin and muscles), and the visceral functions are 
those which are carried on by internal (involuntary) organs, ©.5., the 
digestive, circulatory, urinogenital, respiratory Or endocrine systems. 
If a needle is pricked in the skin of your hand, the hand is pulled 
away atonce, hence it is a somatic function because the skin (receptor) 
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Fig. 129 Showing simple reflex arcs in the vertebrate nervous system. 


receives the stimulus of pricking. This stimulus (message) is conveyed 
tò the central nervous system by a somatic sensory fibre, and an 
impulse (response) starts from the central nervous system being carride 
by a somatic motor fibre to the voluntary muscles (effector) of the 
hand, which is pulled away. 

In peristalsis of the stomach which is a visceral function, the pre- 
sence of food in the stomach produces a stimulus in the mucous 
membrane of the stomach (visceral receptor) which is conveyed to 
the central nervous system by a visceral sensory fibre. An impulse 
starts from the central nervous system which is conveyed by a visceral 
motor fibre to the involuntary muscles (visceral effector) of the 
stomach which produce peristalsis. 

Thus the nervous system has four functional components (fig. 131): 

(а) Somatic sensory component handles impulses from recep- 

tors such as skin, eyes, nose, body wall, muscles and joints. 
The dendrites of somatic sensory fibres are very long; starting 
from receptors they pass to dorsal root ganglion in which 
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their cell bodies lie; from the cell bodies the axons pass through 
dorsal root to grey matter. 

(6) Somatic motor component carries impulses from -the cen- 
tral nervous system to voluntary museles; their dendrites and 
cell bodies lie in grey matter from which axons pass through 
ventral roots to end in voluntary muscles. 

(c) Visceral sensory component carries sensations from the viscera; • 
their dendriteseare in visceral organs; the dendrons go to 
the cell bodies in the ganglion of dorsal root from where 
the axons pass into the grey matter. a 

(d) Visceral motor component conveys impulses from the central 
nervous system to the involuntary muscles .of alimentary 
canal, glands, and other visceral organs; their dendrites and 
cell bodies are in the grey matter, and the axons leave by 
ventral roots. They differ in having two neurons, the axon 
of the first neuron ends in sympathetic ganglion (pregang- 
lionic), from where the second neuron starts whose axon goes 
te involuntary muscles or glands (postganglionic) (fig. 131). 

Peripheral Nervous System 
The system consists of nerves arising from the brain and spinal 
cord. Those arising from the brain are called cranial nerves and , x 
those from the spinal cord are spinal nerves. | 
Cranial Nerves 
The cranial nerves are designated by Roman numerals; there are ten 
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Fig. 180 Showing the distribution of the V, VII, IX and X cranial nerves of fog: 
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pairs of cranial nerves in a frog. Each cranial nerve arises from the 
brain by two roots, a dorsal and a ventral root, but these two roots do 
not unite and appear like separate nerves. The nerve fibres of cranial 
nerves are generally medullated; and the visceral and somatic sensory 
fibres have their cell bodies in ganglia of roots lying close to the brain. 

The I and II cranial nerves are different from others. The I arises 
- from the nose and has non-medullated fibres which grow backwards 
and join the olfactory lobes. The II arises from the eye; it has me- 
dullated fibres but with no neurilemma. The remaining cranial nerves 
arise from the brain. The III, IV and VI represent motor ventral 
roots, the VIII is a dorsal root having only sensory fibres; the V, VII, 
IX and X are mixed dorsal roots. 

The origin and distribution of cranial nerves is given in the form 
of a chart. 


Serial | Name of 


No. 


I Olfactory | Arises from the neu- 


II | Optic From the neurosen- | Purely somatic sensory, 
sory epithelium of | brings impulses from the 
the eye, i:e., retina, | retina. 
enters the ventral 

* side of  mid-brain 
and diencephalon. 

III | Oculo- From the floor of | Somatic motor, to some 

motor mid-brain. muscles of the eye. 

IV | Troch- From between the | Somatic motor, supplies 

lear or optic lobes and cere- | one of the eye muscles. 
| pathetic | bellum. 

Y | Trigemi- | From medulla, its 

nal origin is marked by 

divides a large  Gasserian 

into three | ganglion. 

branches. 

(a) Oph- Somatic sensory, brings 

thalmic impulses from the skin 
3 of the snout. ; 

(b) Maxil- Somatic sensory, brings 

lary impulses from the skin 


nerve 


Origin 


rosensory epithelium 
of nasal sacs and joins 
the olfactory lobes. 


Nature and distribution 


Purely sensory, brings im- 


pulses from the nasal epi- 
thelium. 


of the upper jaws. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


I o Qe T Ies a Ee 


NERVOUS SYSTEM 


Serial | Name of 


No. nerve Origin 
'| (c) Man- | 
dibular | 
VI | Abducens | From the floor of 
medulla. 


ҮП | Facial | From the medulla; 
divides | jois the Gasserian 
into two ; ganglion. 
branches 
(a) pala- 

tinus 


(b) hyo- 
mandi- 
| bularis 
VIII | Auditory | Arises from medulla 
or and enters the in- 
Acoustic | ternal ear. 

IX | Glosso- | Arises from medulla 
pharynge- | and goes to tongue 
al; sends | and pharynx. 

a branch 
to facial 
nerve. 

X | Vagus or | From the medulla. 
pneumo- 
gastric 


Spinal Nerves 


i 
215 


| Nature and distribution 


Visceral motor, supplies 
muscles of the lower jaw. 
Somatic motor, supplying 
one of the eye muscles. 


Mixed, but has only visce- : 


ral sensory and visceral 
motor fibres. 


Visceral sensory, brings 
impulses from the roof of 
the buccal cavity. 

Visceral motor, supplies 
the tongue and muscles of 
the lower jaw and face. 
Somatic sensory, brings 
impulses from the internal 
ear. 

Mixed nerve, brings im- 
pulses from the tongue and 
pharyngeal wall. 


Mixed, has all components 
except somatic motor; 
brings impulses from the 
skin around the ear, sup- 
plies the muscles of larynx, 
oesophagus, and the vis- 
cera in general. 


There are nine pairs or at times ten pairs of spinal nerves in a 


frog. Each spinal nerve arises from the spinal cord ) 
d a ventral or motor root, Dorsal 


and visceral sensory fibres, the — 
d outside the spinal cord in a 
al root is composed of somatic | 
cell bodies are situated in the 


Ventral part of the grey matter of spinal cord. 


a dorsal or sensory roof, an 
toot is composed of somatic sensory 
Cell bodies of these fibres are situate 
ganglion of the dorsal root. Ventr 
Motor and visceral motor fibres, their 
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Fig. 131 T.S. of spinal;cord showing origin of spinal nerves, the four 
nerve components, and paths of sensory and motor fibres. 


Dorsal and ventral roots unite to form a spinal nerve which comes 
' out through a small aperture between vertebrae called inter-vertebral 
foramen. The nerves are hidden at their origin by silvery-white glands 
of Swammerdam. A spinal nerve divides at once into three branches, 
a ramus dorsalis, a ramus ventralis and a ramus communicans, Ramus 
dorsalis contains somatic sensory fibres and supplies the skin and 
muscles of the dorsal body wall. Ramus ventralis is thicker than the 
other branches, it forms the main nerve and contains somatic motor 
fibres. Ramus communicans (plural—rami communicantes) contains 
visceral sensory and visceral motor fibres going to an autonomic 
nervous system and tbe spinal cord. 

The first spinal nerve comes out between the Ist. and 2nd. verte- 
brae, its ventral ramus known as the hypoglossal nerve enters the 
floor of the buccal cavity and supplies the muscles of the tongue. 

The second spinal nerve emerges from between the second and 
third vertebrae. It is a thick nerve and it receives branches from 
the first and third nerves to form a brachial plexus, then it proceeds 
as the brachial nerve to the skin and muscles of the arm. 

The third spinal nerve is small, and beyond the brachial plexus; 
it resembles the fourth, fifth, and sixth spinal nerves which emerge 
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Fig. 132 Spinal nerves and sympathetic chain of frog. 
1-9—Spinal nerves. 

from between the vertebrae; they run obliquely backward and supply 

the skin and muscles of the abdomen. 5 
The seventh, eighth, ninth, and tenth Gf present) nerves join to 
form a sciatic plexus from which several nerves arise and go to the 
hind limb, the principal one being a sciatic nerve ш the leg. The 
tenth nerve leaves the neural canal by a foramen on the side of the 
Urostyle; it is often absent, and sometimes unpaired, it goes to the 
Urinary bladder and cloaca. The roots of the last four pairs of nerves 
Tun backward for some distance before emerging from the neural 


alled cauda equina (horse’s 
Canal, and they form a bundle of nerves c u AOT 
tail) which lies inside the vertebral column along the filum terminal 
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A Simple Reflex and the Reflex Arc 


A simple refiex is shown diagrammatically in figs. 129 and 131, it 
involves two neurons, one sensory and the other motor. An impulse, 
generated in a sensory epding (receptor) of the skin, travels through 
the dendrites of a sensory neuron to its cell body, situated in the 
dorsal root ganglion, and thence along its axon into the dorsal column 

, of the grey matter of the spinal cord, where its terminal branches form 
synapses with the dendrites of a motor neuron,cthe cell body of which 
lies in the grey matter of the ventral column. The axon of the 
motor neuron in turn conveys the impulse through the ventral root 
of the nerve concerned and then to a muscle or gland where it causes 
contraction or secretion. The course along which the impulse travels 
from its point of origin (receptor) to its termination (effector) is 
called a reflex arc. Actions caused by impulses thus carried over 
teflex arcs are known as reflex actions. 

Such a simple reflex, involving only one sensory and one motor 
fibre (monosynaptic) as described above, is doubtful in vertebrates. 
Most reflex reactions are dependent upon many reflex arcs. In most 
cases one or more connecting association or internuncial neurons 
intervene; they are connecting links between sensory and motor neu- 
tons. Those reflexes involving more than one sensory and one motor 
neuron are known as compound or polysynaptic reflexes (fig. 129). 

Spinal reflexes independent of the brain can well be seen in a 
‘spinal frog’ whose brain has been removed but the spinal cord is 
left-intact. A slight pinch of one toe causes it to withdraw its foot, 
a stronger pinch results in a kick; still more violent stimulation 
causes movements in both legs similar to those of jumping. If a fil- 
ter paper soaked in acid is placed on the skin of the thigh, it causes 
the leg to jerk in order to get rid of the paper; if it fails, the other leg 
does the job. Reflex actions are independent of the will, and some 
of their common examples in humans are respiration, sneezing, chan- 
ges in size of pupils, shivering in cold, sudden closing of eyelids on 
seeing a bright flash of light, and opening of the mouth on hearing a 
loud report. Certain actions originally initiated by the will become 
reflex actions later, such as walking or cycling. 

By means of internuncial neurons, the impulse entering the spinal 
cord through one or more sensory neurons may be distributed to 
several motor neurons and also to the brain. A strong stimulus such 
as a burn on the skin of the hand, for instance, may simultaneously 
cause the hand to be pulled away from the source of irritation, 
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because it produces a sensation of pain—a reaction affecting the brain. 
It is, therefore, evident that the spinal cord not only carries out reflexes 
independently of the brain, but it is also a great conducting path- 


way through which impulses are conveyed, to and from the brain.. 


This long-distance intercommunication between brain and body is 
confined largely to white matter of the cord. Since impulses travel 


in only one direction in any particular neuron, the impulses entering . 


the cord by way of tke dorsal roots of spinal nerves travel to the 
brain over certain pathways and return from it to the ventral roots 
over others. Thus the spinal cord consists of a series of reflex centres 
through which it conducts impulses. 

Patellar reflex (Knee jerk experiment)—Make a student sit on the 
edge of a chair or a table with one knee over the other and the legs 
freely suspended. Tap sharply upon the tendon just below the 
knee cap by means of a rubber hammer or with the side of the 
hand or a narrow book. The leg will straighten or extend without 
the student's control, showing an involuntary reflex due to sudden 
contraction of a muscle (quadriceps femoris). 


SPINAL CORD 


SENSORY NEURON 


TENDON OF 
THIGH. MUSCLE 


The knee-jerk reflex is an example of an important class of reflexes 


Fig. 133 Knee-jerk reflexes. 
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called stretch reflexes; when muscles are stretched, they automatically 
tend to increase in length by contracting. Such reflexes help to regulate 
the amount of tension in the muscles, and this is crucial for making 
accurate adaptive movements, postural control, and even standing 
upright. In the knee-jerk reflex a tap on the tendon of the knee 
stretches the thigh muscle, and the stretch stimulates sensory receptors 
„in this muscle, which then send nerve impulses along axons into the 
spinal cord. The sensory axons synapse with motor neurons. Nerve 
impulses travel down to the thigh muscle through motor fibres, causing 
contraction of the muscle and jerking the lower part of the leg. 

Neurologists use this and other tests of reflexes to find out if the 
parts of the spinal cord involved are functioning properly. 

Some common reflexes : It is interesting to know some of the 
common reflexes that we experience quite often. 

(i) Coughing—it is a reflex action which occurs when a small 
particle or irritating gas reaches the respiratory passage. The air in 
the lungs is expelled out in'a short vigorous burst, in a bid to clear 
the passage. Vocal cords vibrate vigorously as the air rushes past 
them, making the coughing noise. 

(ii) Sneezing—it is a similar action, produced in the same way as 

‚ coughing but the air is forced out through the nostrils instead of the 
mouth. 

(iii) Yawning—it occurs when one is physically or mentally tired 
and is a reflex action to eliminate too much carbon dioxide accumula- 
ted in the blood. The muscles of the face, chest and diaphragm work 
together to expel this unwanted carbon dioxide in a. way that causes 
the mouth to open wide and an extra deep breath is taken. Yawning 
can be stopped if one goes out of the room and takes a few deep 
breaths of fresh air. 

(iv) Hiccupping—it is a reflex action usually caused by the presence 
of something irritating or intoxicating in the stomach. Often it is 
caused due to blockade of oesophagus by food boluses quickly swallow- 
ed. The muscles of the diaphragm contract sharply, at somewhat 
regular intervals, so'that air enters the lungs suddenly in small quanti- 
ties, and the noise is made as it pushes its way past the vocal cords. 


Autonomic Nervous System 


The autonomic or sympathetic nervous system has two longitudi- 
nal sympathetic chains, one on each side of the backbone running 
along the dorsal aorta and systemic arch (fig. 132). Each sympathetic 
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chain has ten swellings or ganglia, and it divides into two parts be- 
tween the first and second ganglia, thus forming a loop around the 
subclavian artery known as the annulus of Vieussens. The sympa- 
thetic chain enters the skull along with theeX cranial nerve, to which 
it is connected, and it ends in the Gasserian ganglion. From each 
ganglion of the sympathetic chain arises a nerve called ramus com- 


municans which joins a spinal nerve. From the sympathetic gang- 


lia small nerves go te the opposite sympathetic chain, blood vessels 
and visceral organs; these nerves break up and rejoin to form plexuses, 
chief among the plexuses are a solar plexus situated over the coelia- 
co-mesenteric artery, and a cardiac plexus over the heart. 

Visceral sensory fibres of sympathetic chain and rami communi- 
cantes have their cell bodies in the dorsal root ganglia and their den- 
drites lie in the organs supplied by sympathetic nerves. Visceral motor 
fibres have their cell bodies in the spinal cord forming synapses with 
neurons whose cell bodies lie in sympathetic ganglia. Because of these 
Synapses the visceral motor fibres are of two types (fig. 131); those tra- 
versing rami communicantes and terminating in sympathetic ganglia 
аге medullated pre-ganglionic fibres, and those having their cell 
bodies in sympathetic ganglia and terminating in organs they supply 
are non-medullated post-ganglionic fibres. Thus sympathetic nerves 
are made of visceral sensory and visceral motor fibres. On stimulation, 
the fibres of sympathetic nerves secrete a chemical called sympathin 
which generally stimulates the organs. à 

The sympathetic system is only one part of the autonomic nervous 
System, It also has a system of parasympathetic nerves and ganglia. 
The fibres of parasympathetic nervés come from cranial and e 
nerves, and parasympathetic ganglia lie inside the organs innerva 
by parasympathetic nerves. Their pre-ganglionic ns are w 
long, extending from the central nervous system to a кын ЖООШ 
organ they supply, where they connect with very short Poet -gan » 
neurons. On stimulation the parasympathetic nerve fibres secre 
acetylcholine which generally has an inhibitory effect on Rum 

The visceral organs and some Ro ME receive nores 
both sympathetic and parasympathetic nerves; е 
йй in effect, sympathin of sympathetic fibres aoe ите a 
acetylcholine of parasympathetic fibres чо DR | 
Sympathetic fibres are associated к ae ons oi p 
anger, and those of the parasympatet 
ы comfort and pleasure which conserve energy. 
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The autonomic nervous system regulates the functions and does 
routine work of circulatory and respiratory systems, involuntary muscles 
and visceral organs by visceral motor components. In contrast to the 
somatic motor componen*, the visceral motor component requires two 
successive neurons to conduct an impulse from the central nervous 
system to an effector organ. The autonomic nervous system is not 
independent, but is intimately bound structurally and functionally 
with the central and peripheral nervous systoms; its nerve centres 
are located in the central nervous system, and many of its fibres 
are parts of the peripheral nervous system. 

Some neurons of ganglia of sympathetic chain do not become 
nervous in nature but form adrenal glands, these cells are called 


chromaffin cells. The secretion of adrenal glands called adrenalin, . 


which is similar to sympathin, stimulates sympathetic nerves but not 
the parasympathetic nerves. 


Questions 
l. Describe the cranial or spinal nerves of frog. 
2. Describe the autonomic nervous system. 
3 


Name the connective tissue between the 3rd ventricle and 4th 
ventricle of brain. 


4. Name the constituent parts of pituitary body. 
5. Enumerate serially all the ventricles of brain of frog. 
6 


Why the substance of spinal cord or brain is referred to as 
white matter and grey matter ? 


7. What is meant by a reflex arc ? 


8. To which organs do the trigeminal and occulomotor nerves 
connect ? 


9. What change in the behaviour of frog do you expect if the 
УШ cranial nerves are cut at their junctions with brain ? 
10. аш five common reflex actions occurring in your day-to-day 
е. 
11. A membrane covering the central nervous system is known 
аа осн - 
12. In which part of the brain these are located : 
(a) Corpus striatum (b) foramen of Monro 
(с) pineal stalk (d) optocoel 
(е) paracoel (f) trigeminal. 
13. Sketch dorsal, ventral and lateral views of frog’s brain. 
14. Describe the ventricles of the brain. 
15. Describe the structure and working of the spinal cord. 
16. Which is a purely motor nerve : I/V/X/VI*. (PMT-1991) 
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A frog is sensitive both to changes in the external environment 
г and inside the body and responds to these stimuli accordingly. To 


` receive the external and internal stimuli there are varied types of 


receptors or sense organs, each supplied with sensory nerve fibres 
that convey the stimulus to the central nervous system. Various 
receptors can be grouped under two major heads—the external recep- 
tors ‘or exteroceptors receiving stimuli from the external world, and 
internal receptors or interoceptors receiving stimuli from the internal Э 
Organs inside the body. Five types of external receptors сап be 
Tecognized; these are :— 

1. Tangoreceptors—Receptors for touch. 
Olfactoreceptors—Receptors for smell. 
Gustatoreceptors—Receptors for taste. 

Stato-acoustic receptors—Receptors for hearing and balance. 


Photoreceptors—Receptors for seeing. 


WN 


л A 
O е 


L Tangoreceptors or Mechanoreceptors — 


Entire surface of the skin is sensitive to touch and throughout the 
skin there are fine nerve endings penetrating the spaces between cells. 
These are branches of sensory nerves. At places several cells of the 
SPidermis collect into groups which are supplied by sensory nerve 
*üdings. Such groups are called tactile patches. Tactile patches are 
Sensitive to a variety of stimuli such as mechanical touch, heat, 
Pressure and friction. The nerve endings never reach the outermost 
layer of epidermis, consequently the stimulus first travels through 
Outer cells of the epidermis before it is received by the tactile patches. - 


Whenever an injury causes the nerveendings to get cut or dama ged 
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SEPIDERIS 


SENSORY 
HAIRS 


SENSORY CELL 


Fig. 134 A—Shows free nerve endings in the skin. 
B—Shows olfactory epithelial cells. 


2. Olfactoreceptors 


The organs of smell are simple and consist of a pair of olfactory 
or nasal sacs located in the olfactory capsules of the skull. Each 
nasal sac communicates with the outer world by an external naris and 
with the buccal cavity by an internal naris. The internal lining of the 
sac consists of columnar epithelial cells, Most of these cells are long 
and flattened in the middle, these are called supporting cells; but 
some cells are modified to form neurosensory cells, each of which is 
broad in the middle, and at one end it is produced into sensory hairs, 
projecting into the lumen of the nasal sac, the other end is produced 
into a sensory nerve fibre which passes to the olfactory nerve; actually 
these neurosensory cells are bipolar neurons. The mucous lining of 
the sac also has some mucus-secreting gland cells whose secretion 
keeps the nasal epithelium moist. The vapours of an odoriferous 
substance have to get dissolved in the mucus covering the sensory 
hair, before they can stimulate the sensory hairs of the neurosensory 
cells; the stimulus then travels along the olfactory nerve to the brain. 
Sense of smell is really a response to chemical stimuli coming from a 
distance.” 
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3. Gustatoreceptors 
These organs are usually in the form of taste-buds in the buccal 
cavity but especially developed on the tongue. The mucous membrane 
of the tongue is raised into two kinds of papillae; they are conical 
filiform papillae and rounded knob-like fungiform papillae. Taste- 
buds are seated over the taste papillae and in frog, they are found only 


TASTE PARICA TASTE BUDS 


ELASTIC 
MUCOUS GLANDS CONNECTIVE 


SUPPORTING CELL TASTE HAIR 
NEUROSENSORY 
GELL 


TONGUE 
EPITHELIUM 


CONNECTIVE TISSUE ; NEAVE FIBREG 
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Covered all around by supporting cells, ATE in each 
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are stimulated when the taste hairs come in contact with a substance 
in solution. In contrast to sense of smell, the sense of taste is a 
response to chemical stimuli produced in contact with the tongue. 


"4. Photoreceptors 

Two eyes are situated in the orbits of the skull. Each eye is in the 
form of a spherical ball. Roughly one-third part of the eyeball is visi- 
ble externally, and the remaining part lies hidden in the orbit. There 
are two eyelids, of which only the lower one is movable. The nictita- 
ting, membrane is a transparent membrane which covers the exposed 
part of the eyeball when a frog is inside water or is underground. It is 
not a separate membrane but only the upper border of the lower eyelid, 
which is somewhat transparent and lies folded beneath the opaque 
part of the lower eyelid. ' The nictitating membrane cannot be moved 
independently. It functions by means of certain muscles (retractor bulbi) 
which, on contraction, draw the eyeball deep into the orbit; at the same 
time the eyelids come nearer, and the nictitating membrane is unfolded 
over the eye. Contractions of another set of muscles (levator bulbi) 
cause the reverse effect, so that the nictitating membrane is folded 
back to its original position and the eyelids are separated. 

Movements of the eyeball are brought about by six extrinsic muscles. 
Of the six, four are rectus muscles—anterior rectus, posterior rectus, 
superior rectus and inferior rectus; they rotate the eyeball forward, 
backward, upward and downward respectively. They arise from the 
posterior side of the orbit. The other two muscles are superior and in- 
ferior oblique muscles that bring about rotation along the axis between 
the optic nerve and cornea. They arise from the front part of the orbit. 

The surface of the eye is kept moist by secretions of a Harderian 
gland situated at the lower inner angle of the eye; its secretion lubri- 
cates the nictitating membrane. A fine nasolachrymal duct drains 
excess secretion into the nasal sac. 

Structure of the eyeball—The eyeball is formed of three layers 
or concentric coats; they are an outermost sclerotic, a middle choroid 
and an inner retina. 

Sclerotic is made of dense connective tissue and some cartilage. 
It is actually the optic capsule which has not fused with the skull but 
fits closely to the eye. The sclerotic is opaque; it is continued in front 
of the eyeball as an arched cornea where it is transparent. The scle- 
тойс maintains the shape of the eyeball, it is protective and provides 
a surface for attachment of extrinsic eye muscles that move the 
entire eyeball. Cornea is covered externally by a thin transparent 
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membrane, the conjunctiva, formed by epidermis which has become 
transparent; it is continuous with the inner lining of the eyelids. The 
conjunctiva has thin blood capillaries. 
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Fig. 136 Vertical section of frog’s eye. 


The choroid lies closely applied inside the sclerotic. It is made 
of loose connective tissue fibres having many blood capillaries and 
numerous dark pigment cells, it is nutritive. In front, the choroid 
thickens as a ring-like ciliary body having some ciliary processes but 
no ciliary muscles. There are dorsal and ventral protractor lens 
muscles which are attached to the ciliary body inside and outside to 
the cornea. In front of the ciliary body the choroid separates from 
the sclerotic and passes inwards as the iris. In the middle of the 
iris is an aperture called a pupil. Attached to the iris are two sets 
; of smooth muscles—one set 
called sphincters, are arranged 
in the form of concentric rings 
around the pupil which reduce 
the pupil; the other set of mus- 
DILATORS cles are dilators arranged radi- 
ally which dilate the pupil. The 
iris divides the hollow of the 
eyeball into a small anterior 
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Tig. 137 Iris and its muscles. 
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posterior vitreous chamber. The aqueous chamber is filled with a 
watery aqueous humour, and the vitreous chamber contains a gelatinous 
vitreous humour. - 

Retina lines the eyeball and is a thin delicate membrane having 
two layers—an outer layer of pigment cells lining the choroid and an 
inner sensory layer or retina proper which is connected to an optic 
nerve. In the front part of the eye, the retina loses its complicated 
structure and becomes very thin, and it lines the ciliary body and 
the itis up to the edges of the pupil. Posteriorly the optic nerve 
leaves the eyeball through the three coats and at the exit the retina 
has no sensory cells, so that there is a blind spot here. 

Behind the iris lies an almost spherical but slightly flattened and 
perfectly transparent crystalline lens. It is enclosed in a very thin 
transparent membrane, the lens capsule, and it is suspended behind the 
pupil by means of a membranous suspensory ligament which is 
attached to the margins of the lens capsule and to the ciliary body. 

Structure of retina—Retina consists of two layers, an outer layer 
of pigmented cells attached to the choroid. It is only this layer 
which is continued in front and it lines the posterior surface of the 
_ iris, The other layer is a transparent, sensory retina proper which is 
a receptor layer and is formed of three coats. The outermost coat is 
composed of photoreceptors or visual cells of two types called rods and 
cones. The rods are tall cylindrical cells containing a purple pigment, 
the cones are short conical tapering cells. The rods are for perception 
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Fig. 138 Strutucre of retina. 
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of the amount of light, and cones for distinguishing colours, but the 
eyes of a frog are unable to perceive any colours except sky blue. 
Rods are more numerous in nocturnal animals and cones are abun- 
dant in diurnal animals. Rods and conessare not distributed evenly 
in the retina. A posterior part of the retina in line with the lens is 
called area centralis or yellow spot which contains only cones and 
has yellow pigment, the images are normally focussed on this area. 
Away from the area‘centralis, the retina has a mixture of rods and 
cones, The second coat of the retina proper consists of Bipolar 
nerve cells which form synapses with the rods and cones on one 
side, and with the third coat on the other side. The third coat is 
formed of ganglion cells whose axons spread over the inner surface 
of the retina, then converge at the back of the eyeball, where they 
pierce the retina, become medullated, and come together to form 
the optic nerve which goes through the choroid and sclerotic to 
enter the brain. 

Working of the cye—When rays of light from a visible object 
fall on the cye, they stimulate the rods and cones. Impulses from 
these cells travel along the bipolar neurons and ganglion cells to reach 
the brain through the optic nerve. The lens in particular, and cornea, 
vitreous humour and aqueous humour in the eyeball are concerned- 
with focussing the light rays in such a way that they fall on the retina 
to form an inverted image. Iris, with the help of its sphincter and 


Fig. 139 Image-formation in the eye. 


dilator muscles, regulates the amount of light entering the eye through 
the pupil. Pupil is widely open when the light intensity is low and 
becomes narrowed when the light intensity is high. Light rays falling 
on the retina produce an inverted and reduced image, the upper 
part of an object lies in the lower part of the image, and the right 
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side of the object is on the left side of the image. The brain in an 
unimaginably small time (2 millionth of a second) perceives the 
image correctly by experience, without which the image cannot be 
interpreted, there is no rt-inverting of an image in the brain as is 
often supposed. 

In frog, the eye is focussed for distant vision; focussing for near 
objects is done by protractor lens muscle moving the lens in front 
towards the cornea. In water, a film of water on the cornea acts as 
an additional lens, so that the animal can sce near objects clearly. 

The adjustment made for near vision is called accommodation; 
it is not much developed in a frog but very well developed in higher 
vertebrates. In frog accommodation is brought about by moving the 
lens forward by dorsal and ventral protractor lens muscles. 

The eye is comparable to a photographic movie camera. A camera 
has a box as the eye has sclerotic. The camera is painted black inside 
and the eye has its pigmented choroid coat inside the sclerotic. Camera 
has a lens, a diaphragm and a shutter, and the eye has a lens, an 
iris diaphragm and the cyelids as shutters. Image in a camera is 
produced on a photo-sensitive plate, in the same way image in the 

eye is formed on the sensitive layer of the retina. After the photo- 
' graph has been taken it is developed. In the eye, an image is deve- 
loped or interpreted in the brain. 

Each eye of the frog produces a separate image of the same object. 
In higher animals, images formed in the two eyes coincide with each 
other giving an identical impression, this is called binocular vision. 
Frog has a monocular vision, because the two eyes are considerably 
apart and their images do not coincide. 

Iris response—Students will work in pairs, one student sits so that 
he faces a window, while the other observes the pupils of his eyes. 
Shade an eye with the hand or a dark card. Suddenly remove the 
card or hand and notice rapid shrinking of the pupil. Repeat, allow- 
ing 5 seconds' time for adjustment each time. 


5. Stato-acoustic Organs 


Ear is the stato-acoustic organ. The ear of a frog has two parts, 
a middle ear and an internal ear. Externally the ear has a rounded 
tympanic membrane which is tightly stretched over a ring of cartilage, 
the annulus tympanicus. The tympanic membrane is a pigmented 
patch of skin and under it is the middle ear having a tympanic 
cavity. The tympanic cavity is lined by a membrane and is filled 
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with air, it communicates with the pharynx by a Eustachian tube. 
The opening of the Eustachian tube in the pharynx is normally kept 
closed by a valve. Attached to the inner surface of the tympanic 
membrane is a slender bone, the columella auris, which lies across 
the tympanic cavity. The inner end of the columella is attached 
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Fig. 140 Transverse section of the head of frog showing right car. 


to a rounded cartilaginous stapedial plate which in frog is fused 
with the fenestra ovalis (a hole in the auditory capsule). The 
fenestra ovalis has a ring-like bony operculum covered by a membrane 
and is joined to the scapula by a muscle. 

The internal ear consists of a bony auditory capsule formed by 
the pro-otic bone, which lodges a membranous labyrinth in its cavity. 
The cavity of the auditory capsule contains a watery fluid known as 
perilymph. The membranous labyrinth consists of a vestibule having 
an upper larger bag the utriculus, and a lower smaller sacculus; bet- 
ween the two is a very slight constriction. 

From the utriculus arise three arched tubes, the semicircular 
ducts which open into the utriculus at both ends, they are placed 


at right angles to one another, there being one anterior vertical semi- - 


circular duct, and posterior vertical semicircular_duct, the third is 
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a horizontal semicircular duct. The anterior and posterior semi- 
circular ducts are joined at their origin. One end of each semicircular 
duct is enlarged to form a small round ampuila. 
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Fig. 141 Membranous labyrinth of frog. 
Left—Outer view. Right—Inner view. 


From the posterior side of the sacculus arise two small dilatations, 
they are a lagena and a pars basilaris; pars basilaris is really a part of 
the lagena, in the lagena there is a sensory patch. From the median 
side of the sacculus arises a narrow tube called ductus endolymphaticus 
which enters the skull and dilates into an endolymphatic sac over thc 
hind brain, then it passes into the spinal canal and joins the calcareous 
glands of Swammerdam lying near the vertebrae. 

The entire membranous labyrinth is hollow and is filled with a 
fluid called endolymph which has:particles of calcium carbonate form- 
ing otoliths. Fibres of the auditory nerve enter the membranous 
labyrinth. : 

Histology of membranous labyrinth—The wall of Ше mem- 
branous labyrinth is lined with cubical epithelial cells, outside these 
cells is a connective tissue layer. The epithelial lining is modified in 
certain places to form six sensory patches or acoustic spots which 
are the receptors of the labyrinth. There is one acoustic spot in each 
ampulla, one spot in the utriculus, one in the sacculus, and one in 
the lagena. The sensory spots of the ampullae are called cristae, 
and those of the utriculus, lagena and sacculus are known as 
maculae. The macula of utriculus is a large pars neglecta, and 
that of the lagena is called a basilar papilla. However, the cristae and 
maculae have a similar structure, each has a group of sensory cells 
and supporting cells; the sensory cells have fine sensory hairs on 
the inner ends, and their lower ends are connected with nerve fibres 
to the auditory nerve. Small calcareous crystalline bodies called oto- 
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conia or otoliths lie in intimate contact on a gelatinous otolithic 
membrane into which the sensory hairs of maculae are embedded. 
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Fig. 142 Vertical section of ampulla. 


Functions of the ear—The semicircular ducts with their am- 
pullae and the utriculus are organs of equilibration; their three cristae - 
and one macula are stimulated by the movement of endolymph and 
otoliths; due to a change in the position of the animal, these stimuli 
are transmitted by nerve fibres of the auditory nerve to the brain. 
The cristae give an awareness of locomotion and speed of an animal. 
Thus any changes of position and posture are detected by the brain 
which sends impulses to muscles to correct the position. 

The true organ of hearing is the sacculus and the lagena with its 
pars basilaris. Sound waves impinging on the tympanic membrane 
cause it to vibrate, these vibrations are transmitted by the columella 
and stapedial plate to the operculum which causes vibrations of the 
membrane of the fenestra ovalis, and thence through the perilymph 
and membranous labyrinth to the endolymph. Sound waves or 
vibrations are also transmitted through the fore limbs and scapulae 
to the operculum. The movements of endolymph stimulate the 
maculae of the lagena and pars basilaris from where the fibres of 
the auditory nerve transmit the vibrations to the brain which inter- 
prets them as sound. Ec 

But the ear of a frog is primarily an organ of balancing and only — 
secondarily an organ of hearing. Ew 
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Interoceptors 


Many muscles and tendons of the body and alimentary canal are 
OTOR END PLATE « . Supplied with nerve fibres; 
Sf eU they respond to stimuli, such 
as pressure or friction. The 
nerve fibres found in the 
alimentary canal and viscera 
are interoceptors, and those 
in the muscles and joints are 
GscLE кваа Droprioceptors. In the alimen- 
tary canal and viscera are 
interoceptors for hunger, 
thirst, pain or comfort. But they are not true sense organs because 
they are concerned only with the proper functioning of the organ in 
which they lie. Proprioceptors are spindle-shaped bodies made of 
connective tissue and nerve endings; they are found in muscles, joints 
and tendons; they provide information regarding pains in viscera and 
tension in muscles. 


MOTOR NERVE 
Fig. 143 Muscle as an interoceptor. 


Questions 


1, Which receptors are concerned with : 
(a) balancing the body 
(b) accommodation 
(c) watering of the mouth 
(d) sneezing ? 
(е) muscle-contraction 
(f) thirst 
2. Differentiate between : 
(a) yellow spot and blind spot 
(b) rods and cones 
(c) interoceptor and exteroceptor 
(d) aqueous humour and vitreous humour д 
(е) suspensory ligament and suspensorium E 
(f) dilators and sphincters of iris a 
(g) levator and retractor bulbi 
(h) nictitating membrane and tympanic membrane 
(1) fungiform and filiform taste papillae 
(j) taste papillae and taste buds. 
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Explain how nictitating membrane of frog operates. 

Explain the structure and working of the eye of frog. 

Explain why you are temporarily blinded when you enter a 

cinema hall from bright sunlight. © 

Draw a T. S. of head of frog passing through the tympanic 

membranes. 

Describe the structure and working of the ear. 

Which of structure helps a person maintain his equilibrium : 

semicircular canals*/ cochlea/hammer/Eustachian tube. 
(CPMT-}988) 


QHAPTER 1 5 


UROGENITAL SYSTEM | 


The renal organs for excretion and the genital organs for reproduc- 
tion arise separately in a vertebrate, but during development, some of 
their ducts become common; consequently both sets of organs are 
together spoken of as urogenital or urinogenital organs. They are 
concerned with the elimination of nitrogenous and other waste products 
of katabolism and for passing out germ cells, ova or spermatozoa. 
The frog, being a dioecious animal, has separate males and females. 


Urogenital Organs of a Male Frog 
Lying above the coelom in the dorsal lymph sac is a pair of elon- 
gated, compact, and flattened, dark red kidneys having notched 


Fig. 144 Urogenital organs of a male frog. 
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edges. The kidneys are covered ventrally by peritoneum. From the 
outer side of each kidney arises an archinephric duct or ureter. The 
ureter lies along the outer edge of the kidney and passes backwards 
to open into the dorsal side of the cloaca.° Just behind the kidney 
the ureter dilates into a seminal vesicle ina male frog. The ventral 
surface of each kidney has a yellow coloured adrenal or suprarenal 
gland which is an endocrine gland. Arising from the floor of the 
cloaca is a large thin-walled, bilobed urinary bladder. 


A pair of yellow coloured oblong testes ( singular—testis ) are 
the male reproductive organs or gonads; they liein the coelom. Each 
testis is attached to the ventral, outer and anterior side of a kidney, by a 
fold of peritoneum called mesorchium. Attached in front of each testis 
is the fat body or corpus adiposum consisting of a number of yellow 
finger-like processes; it contains reserve fat which is used during hiber- 
nation, when they become much smaller in size. -Fat bodies have an- 
other important role—that of reducing the specific gravity of frog—thus 
helping to maintain a floating position. From each testis arise about a 
dozen small, delicate tubules vas ERFERERS 
called vasa efferentia which 
pass through the mesorchium 
and join the tubules of the 
kidneys; these kidney tubules 
then open into a longitudinal SIDDERS 
collecting tubule which 
opens into the ureter. The 
vasa efferentia are modified 
uriniferous tubules which LONGITUDINAL 
have become genital vee ү COLLECTING 
In toads and some frogs -TRANSVERSE 
there is a longitudinal COLE E 
Bidder's canal in the kidney 
into which the kidney tubu- 
les open on their way to the 
ureter. Sperms arise in the 
testes and are carried by the 
ureters into the cloaca, there 
being no separate ducts for Fig. 145 Diagrammatic representation 
male sex cells; hence the of a longitudinal section of 
ureter in a male frog isa the kidney of male frog. Е 
urogenital duct because it serves both as a ureter and a vas deferens. 


VESICLE 
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Urogenital Organs of a Female Frog 


The urinary organs are the same in a female frog as seen in the 


male, but they have no connection with the reproductive organs 
The ureters of a female~are devoid of seminal vesicles. 


the male. 
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Fig. 146 Urogenital organs of female frog. (Ovary of onc 


side and oviduct of the other are not shown.) 


The gonads of a female are a pair of ovaries which corres- 
pond in position to the testes. They are attached to the kidney by a 
fold of peritoneum known a теѕотагішп, but there is no connection 
between the ovaries and kidneys. Each ovary has an irregular shape 
and consists of a folded peritoneum having ova or eggs in various 
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stages of development. In the breeding season which is from the 
middle of July to September, the ovaries become very large in а 
mature female occupying a considerable part of the coelom. In front 
of each ovary is a fat body. On each side of the body cavity is a white 
tubular oviduct. The oviduct has an internal opening called an ostium 
on top of a coelomic funnel which is ciliated and lies near the base 
of alung. The ostium leads into a thick-walled convoluted oviduct 
which dilates posterforly into a thin-walled ovisac or uterus; the 
ovisac narrows and opens into the cloaca in front of the opening of 
the ureter. The oviduct is lined with ciliated cells between which 
are glandular cells. The glandular cells of the oviduct secrete a slimy 
albumen which changesinto a jelly on coming in contact with water. 
The eggs are black and white rounded cells and contain a small 
amount of yolk. The ripe ova are shed by the ovaries into the coelom 
and they pass in front by ciliary action and enter the coelomic funnels 
of oviducts, then pass down the oviducts by action of their cilia. In 
the oviduct they are coated with albumen and are stored in ovisacs. 
Amplexus and Fertilization 
During the breeding season the frogs always return to water 
in ponds; a male frog clasps a 
female behind her arms with his 
forelimbs which have amplexu- - 
sory pads on the metacarpal 
region of the first digit of each 
hand. The pair remains in this 
sexual embrace called ample- 
xus for several days and may 
‘even swim in this position. The 
female finally discharges ova 
through its cloacal aperture and 
their contact with the male acts 
as a stimulus for male to shed Fig. 147 Spawn of Rana tigerina. 
its sperms immediately over : 
the eggs. Oviposition, ie. discharge of the eggs is usually in the 
early hours of the morning. Fertilization of the eggs by sperms occurs 
at once in water. On contact with water the slimy albumen covering 
of the fertilized eggs swells up and sets into a protective layer of jelly 
which also causes the fertilized eggs to adhere together in masses 


known as spawn of a frog. After fertilization the female croaks and - 


the malelets it go. 
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Histology of Kidney 
A kidney consists of a mass of much coiled renal or uriniferous 
tubules held together by connective tissue and richly supplied with 
blood vessels and their cepillaries. The tubules are surrounded by a 
connective tissue capsule forming the outer part of a kidney. 
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' Fig. 148 1..5. of kidney 


Opening into the tubules of the kidney from the coelom are a number 
of ciliated nephrostomes, they are shaped like funnels and drain 
wastes from the coelom. A single uriniferous tubule is a coiled tube 
which is lined with cubical glandular and ciliated epithelial cells. 
Each uriniferous tubule begins as ‘a thin double-walled cup, the 
Bowman's capsule, enclosing a cluster of blood capillaries called a 
glomerulus. The  glomerulus receives blood from an afferent 
arteriole of the renal artery only, and after forming the coiled glo- 
merulus, an efferent arteriole carries away the blood. The Bowman's 
capsule and its contained glomerulus are together known asa, 
` Malpighian body or corpuscle. The convoluted part of the tubule 
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Fig. 149 Diagrammatic representation of the kidney. 
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receives blood from the capillaries of the efferent arteriole and the 
renal portal vein whose capillaries ramify to form a network over the 
uriniferous tubule; then this blood goes to arenal vein. The tubules 
have long cilia in their necks and shorter onvs along the length. The 
uriniferous tubules at their terminal ends open into collecting tubes 
which run across the kidney and open into the ureter. 
[For Physiology of Renal Excretion see chapter 39] 
Other Organs of Excretion 

In addition to the kidneys, the lungs, skin, and the liver are also 
excretory organs. In metabolism of an animal, the carbohydrates and 
fats form CO, and H,O as excretory products, and the proteins are 
broken down to form CO,, H,O and nitrogenous waste substances 
for excretion. The skin and the lungs remove CO, and water during 
respiration. The moulting of stratum corneum of the skin also 
removes some excretory salts. 

The liver cannot store excess amino-acids but converts them into a 
substance called urea by a process of deamination; the urea is then 
excreted by the kidneys. The old and weak red blood corpuscles 
are broken down by the spleen and the haemoglobin is used by the 
liver to form bile pigments. Since the bile pigments are excretory 
products they are passed out into the alimentary canal from where - 
they are got rid of with the faeces. 

Histology of Glands 
The male gonad or testis consists of a mass of coiled Seminiferous 
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Fig. 150 T.S. of a part of the testis. 
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tubules or crypts, the spaces between the tubules are filled with con- 
nective tissue containing some blood capillaries, lymph, and groups 
of small interstitial cells. The interstitial cells secrete the male hor- 
mone into the blood whitch plays an important role in the develop- 
ment of secondary sexual characters which distinguish a male from a 
female. The seminiferous tubules are lined with germinal epithelial 
cells which are covered externally by connective tissue. The germinal 
epithelial cells first undergo mitotic and later ineiotic cell division to 
give rise to spermatozoa or male gametes; the mature sperms lie in 
bundles in the lumen of seminiferous tubules floating in a spermatic 
or seminal fluid. A spermatozoon has a conical head containing a 
nucleus, a middle piece with one or two centrioles, and a thin, long 
vibratile tail (Fig. 153). 

The sperms pass from seminiferous tubules into vasa efferentia, 
and then, through the Bidder's canal, they reach uriniferous tubules 
and the ureter, and are stored in the seminal vesicles. During 
amplexus they pass out of the cloacal aperture and are deposited 
on ova. 

The female gonad or ovary is a thin-walled hollow bag of irre- 
gular shape. The wall of the ovary has an outer layer of connective 
tissue having blood capillaries, and an inner layer of germinal 
epithelial cells. The cavity of the ovary is divided into lobules by 
connective tissue septa. Ova or female gametes are produced by 
mitotic division of germinal epithelial cells, and ova in various stages 
of development are present in the ovary. The ova arise by formation 
of a cluster of cells called follicles, one of the follicle cells enlarges to 
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Fig. 151 T.S. ofa part of ovary of frog. 
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become an ovum, it is surrounded by a layer of follicle cells. The 
ovum increases in size by the deposit of yolk in one half which is white 
in colour, the other half devoid of yolk is black due to the presence 
of a superficial layer of pigment. The fat*bodies probably supply 
yolk to the eggs, because they become very small after the breeding 
season. Each ovum secretes a thin primary vitelline membrane 
around itself, outside this a tough vitelline membrane is secreted by 
follicle cells which surrbund the egg in the ovary (Fig. 151). A mature 
ovum enclosed in two membranes and follicle cells travels to the sur- 
face of the ovary, the follicle ruptures releasing the ovum intoe the 
coelom, this is called ovulation. The ova pass down the oviducts 
where they are coated with albumen and then stored in the ovisacs. 
During amplexus the ova are passed out from the cloaca] aperture 
into water where they are fertilized. 


Questions 


1. Summarize the ‘tubular system’ in the kidney of frog. 
2. Differentiate between : 

(a) ovum and an egg 

(b) ovulation and oviposition 

(c) copulation and amplexus 

(d) ureter and uterus 

(e) vasa efferentia and vasa deferentia 

(f) Bidder’s canal and Haversian canal 

(g) seminiferous tubule and uriniferous tubule 

(h) seminal vesicle and seminal receptacle 
3. What part of the testis is endocrine in function ? 
4. A spermatozoan is said to be a ‘cell’; where is its nucleus 
located ? 
5. Why is it that sperms are produced in thousands and millions 
against ova which are produced in tens and hundreds only ? 
6. Where the ova of frog are fertilized ? 
7. Give an account of the structural unit of the kidney. 
8. Where and how urine is formed and stored in frog ? 
9. Describe the source, passage and the structure of the gametes 
of a male frog/female frog. ; 
0. Describe the urogenital system of a female frog. 
1. Give the histological details of kidney, ovary and testis of frog 


by means of diagrams only. 
"on 
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CHAPTER 1 6 


GAMETOGENESIS 
AND FERTILIZATION 


All vertebrates and many invertebrates reproduce sexually by 
means of germ cells or gametes called ova and spermatozoa which 
come from the two parents. Ova and sperms were established as cells 
by a German Biologist named Koelliker in 1840. Later Gegenbaur 
showed in 1861 that all vertebrate eggs are simple cells. The germ 
cells differ from body or somatic cells in having only half the number 
of chromosomes present in any Species. In sexual reproduction the 
union of a male germ cell with a female germ cell takes place to form 
a fertilized egg or zygote which has the normal number of chromo- 
somes. The normal or the full number of chromosomes in an animal 
is called the diploid number, and half the normal number of chromo- 
somes which are present in gametes is known as the monoploid or 
haploid number. If a frog has 26 chromosomes in its somatic cells, 
each germ cell will contribute 13 chromosomes, so that the zygote 
will again have the normal 26 chromosomes. In sexual reproduction 
the mixing of the chromosomes of the two gametes to form the chro- 
mosomes of the zygote brings about the hereditary characters of the 
offspring. 

Gametes are produced in the gonads by a series of changes in 
their germinal epithelial cell, the whole process is called gametogenesis. 
Meiotic cell division takes place giving rise to four cells which have 
haploid chromosomes. The male and female gametes are quite 
different from each other, but their process of formation is the same. 
There are three phases in gametogenesis : a phase of multiplication, 
a phase of growth, and lastly a phase of maturation, The formation 
of male gametes or spermatozoa in the testes is called spermatogenesis, 
and the development of female gametes or ova in the ovaries is 
spoken of as oogenesis. 

E 
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Spermatogenesis 


' The germinal epithelium cells of testes can develop into spermato- 
zoa, but all do not develop so. Those cells which enter the process 
of spermatogenesis are called primary germ cells. These are basically 
similar to any other body cell in having a full or diploid number of 
chromosomes characteristic of the species. Each primary germ cell 
soon enters a multiplication phase and gives rise to a number of cells 
by repeated mitotic divisions. These unspecialized male cells are 
called spermatogonia. The spermatogonia also continue to divide 
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Fig. 152 Spermatogenesis shown diagrammatically. 
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for some time but eventually cell division stops and they enter the 
growth phase. During this phase each spermatogonium grows and 
increases in size. The full grown spermatogonium is termed a 
primary spermatocyte ;: it then enters maturation phase in which 
meiotic cell divisions or maturation divisions occur. In the first 
phase of division each primary spermatocyte divides into two cells. 
[ The similar or homologous chromosomes come together in pairs. Each part- 
ner of homologous pair is now seen to consist of two chromatids, in which parts 
of one chromatid may change places with corresponding parts of the other i.c. 
crossing over takes place. The homologous pairs of chromosomes then separate 
and pass into different daughter cells.] 

'The products of first maturation division are known as secondary 
spermatocytes, each having half or haploid number of chromo- 
somes. The two secondary spermatocytes now divide into four 
cells. This division, though a part of meiosis, resembles a mitotic divi- 
sion since the chromatids of the chromosomes merely separate and no 
further reduction results, the resulting four daughter cells called sper- 
matids have the same number of chromosomes as the secondary sper- 
matocytes, i.e., the haploid number. The spermatids undergo a process 
of metamorphosis or change technically called spermatoleosis or sper- 

miogenesis in which the rounded 
spermatid elongates and develops a 
whip-like tail. These tailed motile 
cells are the final products of sper- 
matogenesis and are known as sper- 
MIDOXP — matozoa or sperms. 
Spermatozoa—Spermatozoa of 
vertebrates are motile microscopic 
cells. Each spermatozoon has а 
AXIAL.— ] / head, a middle piece, and a tail. The 
DICAM ENT head has a nucleus and a thin layer 
of cytoplasm which projects in front 
of the nucleus as an acrosome. The 
middle piece has one or two centrio- 
les and mitochondria. In some, there 
is a narrow neck between the head 
and the middle piece. The long, 
ENG) PIECE vibratile tail is made of protoplasm 
Fi3.153 Spermatozoon. which has an axial filament along the 
entire length and projecting beyond the protoplasm as an end piece. 
Spermatozoa are produced in very large numbers. 
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Oogenesis 
Oogenesis is similar to spermatogenesis. It occurs in the germi- 
nal epithelial cells of the ovary which ‘results in the formation of ova 
or the female gametes. The same three phases may be recognised in 
oogenesis. The germinal epithelial cells of the ovaries multiply by 
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rm small clusters of cells called follicles. One 


mitotic divisions and fo 
cell in a follicle becomes distinguished from others and it becomes an 


oogonium which grows larger than other foilicle cells. This indicates — 
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that the oogonium has entered the growth phase. Oogonium of frog 
grows in size by accumulation of yolk, and the fully grown oogonium 
is called a primary oocyte. Maturation divisions do not take place 
inside the ovary but always after the primary oocyte has been released 
from the ovary. First maturation division, which takes place when 
the primary oocyte is in the oviduct, divides the primary oocyte into 
two cells, each having a haploid number of chromosomes. It is 
important to note that in maturation divisions, the division of cyto- 
plasm is unequal. The primary oocyte divides into a large secondary 
oocyte and a small first polocyte or polar body. Second matura- 
tion division takes place at the time of union of male and female 
gametes. It divides the secondary oocyte unequally into a mature 
ovum and a second polar body. First polar body may also divide 
equally into two polar bodies. Polar bodies do not take part in re- 
production and they eventually degenerate. The mature ovum is the 
female gamete and it does not undergo any change of shape; it is large, 
immotile and contains yolk. 

Oogenesis is fundamentally the same as spermatogenesis with 
respect to the behaviour of chromosomes, but it is different in the 
division of cytoplasm, because the two divisions form only one func- 
tional ovum and two or three degenerate polar bodies. 


Ova—Egg of a frog is released from the ovary in the primary 


© ANIMAL POLE oocyte stage and itis 
GRANULES un ALBUMEN covered by two thin 
(BLACK) Hr 


: у transparent vitelline 
О.С, SEQ picmenreo Membranes, Nearly 

(C. UNT PART one half of the 
oocyte is pigmented 
— INNER black and this part 
MEMBRANE, as a nucleus or ger- 
minal vesicle. The 
other half is white 
VETELTINE and contains yolk. 
MEMBRANE Pigmented half of 
the oocyte is known 
as the animal hemis- 
phere and the yolky 
half as the vegetal hemisphere. The centre of the animal hemi- 
sphere is called an animal pole and the opposite centre of the vegetal 
hemisphere is the vegetal pole. Such eggs in which considerable 
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VEGETAL POLE. 
Fig. 155 Ovum of frog. 
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amount of yolk is accumulated towards the vegetal pole are termed 
telolecithal eggs. In the oviduct the first maturation division oecurs. 
and the first polar body is extruded lying below the vitelline membrane 
near the animal pole, the egg is now called a secondary oocyte which 
gets covered with albumen. A female frog produces 500-600 eggs 
in one breeding season which are secondary oocytes. 


Fertilization 


The eggs in the spawn of a frog are not mature ova but are secon- 
dary oocytes, the second maturation division is yet to take place. 
Sperms immediately fertilize the eggs on being passed out by the 
female, before the albumen around the eggs swells up. Sperms are 
inactive in the body, but on contact with water they become motile. 
Several spermatozoa race towards an egg but only one of them is able 
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Fig. 156 Stages in fertilization. 

to penetrate. No sooner the head of a sperm penetrates, the egg 
undergoes a second maturation division to form a mature ovum and 
the second polar body. One sperm fuses with the mature ovum. 
Polar bodies may remain for some time below the vitelline membrane, 
but they eventually degenerate. The outer vitelline membrane 
separates from the egg and becomes more clearly defined, after which 
other sperms cannot enter the egg. Polyspermy or impregnation 
of an egg by more than one sperm is abnormal in frog. The entrance 
of the sperm always occurs in the animal hemisphere. The egg 
rotates within the vitelline membrane and soon the animal pole comes 
to occupy the dorsal side. | 

At the place where the sperm penetrates into the egg. the surface 
of the egg is raised to form a cone-shaped protuberance called a 


fertilization cone. In frog the whole spermatozoon enters the ovum е 


and it usually requires a minute or two for it to get entirely inside. 
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The tail then disintegrates and the head with the middle piece steadi- 
ly moves into the egg substance with the middle piece preceding the 
head, usually straight towards the egg nucleus; some pigment is carri- 
ed along with the sperm into the egg forming a pigmented trail called 
a sperm path. The sperm nucleus and egg nucleus are spoken of as 
male and female pronuclei. For some time the two pronuclei re- 
main together, then they unite completely to form a zygote nucleus. 
The fertilized egg is now called a zygote which bas a diploid number 
of chromosomes. The millions of sperms which have been unable to 
fertilize eggs soon die. 
From a point diametrically opposite to the entry of the sperm, some 
pigment and water are carried into the zygote, so that a grey-coloured 
area called grey crescent appears on the surface of the zygote. 


Significance of Fertilization 


Fertilization brings about the following changes :— 

1. The entry of a sperm activates the practically dormant egg; 
though activation can be effected artificially also, it starts the 
second maturation division, and a second polar body is formed. 
The entry of a sperm provides the necessary stimulus for the egg 

. . to prepare the female pronucleus. 

2. Fertilization restores the diploid number of chromosomes in the 
zygote, each gamete contributing a haploid number, but the cyto- 
plasm of the zygote is derived almost entirely from the egg. 

3. Sperm brings the centriole with it. The centriole initiates the 
division of the zygote nucleus. 

4. Fertilization has an important bearing upon the heredity and 
variations of individuals. Random mixing of protoplasm and 
chromosomes of the two gametes determines the hereditary 
characters of the offspring and it also brings in new characters 
in the offspring so that no two individuals are exactly identical. 

5. Separation of the egg from the vitelline membrane during ferti- 
lization is necessary in order to allow the egg to rotate. 

6. The entry of a sperm brings about a change in the periphery of 
an egg which prevents the entry of other sperms. 


Is fertilization a ‘must’ ? 


Embryonic development is possible even without fertilization of 
an ovum with the sperm. In about 1879 Oscar Hertwig had observed 
that on being treated with strychine, the sea-urchin eggs (sea urchin 
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is an Echinodermata) surround themselves with a membrane just as 
they do when they are fertilized. Twenty years later, in 1901, Jacques 
Loeb produced sea-urchin larvae from unfertilized eggs. The eggs 
were put into a weak solution of saponin gnd sea water, and eight 
minutes later they formed a membrane which was a sign that eggs 
were fertilized. The eggs were soon taken out of the solution, washed, 
and put into strong sea water for half an hour. They developed 
into larvae. Soon after Loeb’s success, Bataillon, a Frenchman, 
found that frog’s eggs would develop into tadpoles if pricked with a 
needle. Thus, parthenogenetic development was found to be quite 


common. 


Questions 
1. What is the diploid and haploid number of chromosomes in 
Man ? 
2. Why the gamete cells should have haploid number of chromo- 
somes ? 


3. Differentiate between the following terms : 
Spermatocyte, spermatogenesis, spermatoleosis, spermatid and 
spermiogenesis. 
4. Differentiate between : 
ovum, oocyte and an egg. m | 
If spermatogenesis is arrested after first maturation division, can 
the products fertilize the oocytes ? Explain giving reasons. - 
What is the significance of the centriole and mitochondria in a 


sperm ? 
Why the divisions of primary oocyte are of disproportionate 
sizes ? T : 
8. Why is it that sperm enters the oocyte in the animal half, why 
not through the vegetal or yolky half ? 
9. What for is the fertilization cone in the oocyte of the frog ? 
10. Where fertilization takes place 1n frog ? 
11. Describe the process of fertilization 1n frog. 
12. Describe spermatogenesis in frog. xd 
13. One ofthe minutest cells which separates from ап m аш 


i tion is known as : primary spermato 
fnm АННЕ primary oogonium/ polar body* (PMT—1990). 


SW Gd re 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


CHAPTER 1 7 


| 
EMBRYONIC DEVELOPMENT 


| c 

The fertilized egg or zygote is a round ball about 1:6 mm. in 
diameter, one half 
of the zygote is pig- 
PIGMENTED HALP mented black and 
the remainder is al- 

VITECLINE MEMBRANEMOSt white. The 
centre of the pig- 

mented area is the 

animal pole and 

GREY ERESGENT the opposite end is 
the vegetal pole. 

Soon after fertiliza- 

tion the embryo ro- 

YOLKY HALP tates within the vitel- 
line membrane so 

that the animal hemi- 

Fig. 157 T.S. of zygote of frog. sphere is uppermost. 
Cleavage or segmentation—About an hour after fertilization a’, 
groove appears at the 
animal pole, it passes 
downwards as a deep 
furrow which divides 
the zygote completely 
into two cells. A second 
furrow at right angles 


ANIMAL POLE 


POLAR SODIES 


VEGETAL ROLE 


to the first divides the gipst CLEAVAGE SECONGICIEAVASR 
embryo into four cells 2 CELLS 4 CELLS 
this furrow also starts at Fig. 158 Cleavage. 


the animal pole. Even before the second division is completed a third} 
furrow forms horizontally above the equator of the zygote, this divides 
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the zygote into eight cells. The cells formed by cleavages are called 
blastomeres, the four upper blastomeres are small and pigmented, 
they are called micromeres and lie at the animal pole. The four 
lower blastomeres are large, white-coloured; and contain yolk; they are 
called megameres and they lie at the vegetal pole. The segmentation 
divisions divide the em- MICROMERES 

bryo completely; such 

complete cleavage is” spo- 
ken of as holoblastic, but 
the cleavage results in 
small  micromeres and 
large megameres, so the 
division is of an unequal 
type. Further cleavages 


Ak 
MEGAMERES 
THIRD CLEAVAGE 


for a time are alternately apa CUINA 
i i 32-64 CELLS 

horizontal and vertical, 72.64 CELLS 

but the micromeres divide 

more rapidly than the Fig. 159 Cleavage. 


megameres which are hindered by yolk. The embryo at this stage is 
called a morula which has about 32 cells but has no cavity. 
Blastala—Further cleavages become irregular and a fluid-filled- 
cavity known as blastocoel is formed inside the embryo; above the 
blastocoel there are several layers of micromeres, the outer ones of 
which are pigmented; the lower side or vegetal hemisphere is com- 
posed of large yolky megameres, and because of their larger size the 


ANIMAL POLES 
(DORSAL) 
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blastocoel is excentric lying towards the animal pole. This stage is 
known as a blastula, and this marks the end of cleavage. 
Presumptive areas—Just by appearance from outside, the blastula 
seems to have only micromeres and megameres. But by special 
techniques it can be pretold right at this stage, as to which part of 
blastula will give rise to which part of the larva or adult. These 
‘labelied parts’ of the blastula are termed presumptive areas. It 
may be recalled that after gastrulation grey crescent was formed at 
a point diametrically opposite the point of entry of the sperm. This 
also gives a new dorsal-ventral axis to the embryo. Grey crescent, 
however, disappears after some time, but exactly at this place, later 


AREA Y : DORSAL LIP OF 
BLASTOPORE 


) —REGION OF 

GRAY CRESCENT 
ENDODERM AREA 
Fig. 161 Presumptive areas. 


оп, a groove appears. A short area of micromeres above this groove 
(dorsal side) marks the area of the dorsal lip of blastopore. A half- 
moon-shaped area of micromeres above the dorsal lip of blastopore 
area is destined to give rise to the notochord, hence marks the chordal 
area. Immediately dorsal to the chordal area is an area of micromeres 
that will give rise to the central nervous system—this is the area of 
neurectoderm. It is followed by the area of ectoderm of the epidermis. 
On both the lateral sides of the chordal area are the mesodermal areas. 
Large yolky cells are destined to form the future endoderm or the floor 
of the embryonic gut (archenteron).. 

Gastrulation—Gastrulation is a rearrangement of cells already 
present in the blastula; this completely reorganizes the embryo, and 
it is brought about by the following five processes taking place at 
one and the same time though they are described separately:— 

1. Epiboly—The micromeres divide rapidly and begin to spread 
downwards over the megameres gradually covering them all over 
except at a small encircled area called yolk plug. This process of 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


A 
. 
: 


00 tp аы ЗИ 


EMBRYONIC DEVELOPMENT 255 


overgrowth is called epiboly by which the black area increases and the 
white area diminishes. It takes about six hours to form the yolk plug, 


duration being calculated from the time of fertilization. 


с 


DORSAL LIP ARCHENTERON 
BLASTOPORE 
DORSAL LIP, 


BLASTOCOEU : 
Ч MICROMERES ™ 


Fig. 162 V.S. of gastrulation stages. A—Early. B—Later. 


2. Blastopore—On the dorsal side of the blastula, a small slit- 
like invagination occurs on the grey crescent; this slit or groove is the 
beginning of an archenteron cavity, the outer opening of the archen- 
teron is the blastopore, and its upper margin is the dorsal lip of . 
blastopore which grows downwards and hangs over the megameres 
to enclose the archenteron cavity. 

3. Involution—A mass migration of cells takes place from the 
animal hemisphere, so that the upper micromeres begin to migrate 


CELLS MIGRATING 
TOWARDS THE LIP 
OF THE BLASTOPORE 


DORSAL LIP OF 
BLASTOPORE 


LATERAL LIP . i 7 | "CBEASTOPORE 
YOLK PLUG ү 
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over the edge of the dorsal lip and roll inside; they pass below the 
micromeres to form a roof of the archenteron cavity. Thus cells are 
carried inside, and tucked in beneath the outer layer. These cells are 
the material for the futuré notochord and mesoderm. 

4. Invagination—The area of the cells passing inwards increases 
laterally so that the dorsal lip grows downwards forming lateral lips 
of the blastopore and at the same time the archenteron becomes a 
large cavity which"pushes the yolk-filled 
megameres towards the blastocoel; this is 
called invagination. The cells of the vegetal 
hemisphere thus pass to the interior of the 
embryo, and this reduces the blastocoel 
which will finally disappear. The lateral 
lips of blastopore meet ventrally to form 
a ventral lip so that the blastopore be- 
comes a complete circle. Contractions of 
the lips of the blastopore make the blasto- 
Fig. 164 1-5, Successive posi- pore progressively smaller and at the same 

tions and shapes of time continued epibol the blasto- 
Ste CEA piboly causes the blas 
from the vegetal pole, Pore to be shifted from the dorsal to the 
posterior side of the embryo, only a small 
yolk plug of megameres can be seen through the blastopore. 

5. Rotation—Due to the shifting of heavy megameres, the gastrula 
rotates within the vitelline membrane so that the animal pole becomes 
anterior. The gastrula rotates along the horizontal axis so that the 
blastopore moves from the vegetal side to a somewhat dorsal and 
future posterior position and it becomes pear-shaped. 

These processes complete the formation of a gastrula, which has 
been brought about by epiboly, involution or migration of cells 
around the lips of the blastopore, a contraction of the lips of blas- 
topore, by invagination of megameres inwards, and rotation. By 
now, the blastocoel has been obliterated and a two-layered gastrula is 
formed having an outer layer of cells which are now called ectoderm 
and an inner layer of cells known as mesendoderm, from which the 
future notochord, mesoderm and endoderm will be formed; it has a 
large excentric archenteron. Posteriorly there is a blastopore enclosing 
a white yolk plug of megameres. The embryo is now about 7 hrs. old. 

The results of gastrulation are that (1) The cells of future organs 
come to lie in their definite positions in the gastrula. (2) The centre 
of gravity has shifted due to the heavy yolk-filled megameres, so that 
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Fig. 165  L.V.S. of completed gastrula. 
the animal pole becomes anterior and the yolk plug posterior. 
(3) The single-layered blastula, with a blastocoel is converted into a 
double-layered gastrula with an archenteron. 

Notochord—The wall of the archenteron formed of mesendoderm 
cells will give rise to the notochord, mesoderm and endoderm. The 
cells along the mid-dorsal line in the roof of the archenteron, arrange 
themselves to form a solid rod known as notochord whose cells be- 
come vacuolated and around them a notochordal sheath is developed, 
Later on the notochord is partially replaced by the vertebrae which . 
are formed around it. 

Mesoderm—The mesoderm cells in a frog are temporarily asso- 
ciated with endoderm cells, the two together being known as mesendo- 
derm. The cells which were carried in from the lips of the blasto- 
pore now separate on either side of the notochord from the mesendo- 
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Fig. 166 'T.S. of gastrula showing prospective 

germinal layers (hypothetical). 
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derm to form the mesoderm. The mesoderm cells spread and form 


a layer inside the ectoderm all around except mid-dorsally where the 
notochord lies. 


Endoderm—The megameres which had come in from the vege- 
tal hemisphere and are in the floor of the archenteron, begin to 
grow upwards on each side as sheets which eventually meet on the 
mid-dorsal side below the notochord; thus they shut off the original 
roof from the archenteron and form a wallall around the archenteron; 
this laye of cells is the endoderm proper. 

The embryo now is triploblastic having three types of cell layers— 
an external covering of ectoderm, below which lies mesoderm all over 
except mid-dorsally, and an internal layer of endoderm. These three 
types of cells are known as primary germinal layers and they will 
give rise to various organs of a frog. The future fate of primary 
germinal layers is given below:— 

1. Ectoderm gives rise to epidermis, cutaneous glands, nervous 
system, sensory parts of sense organs (lens, retina, iris, mem- 
branous labyrinth, nasal epithelium), enamel of teeth, lining 
of mouth cavity (stomodaeum) and cloaca (proctodaeum). 

2. Endoderm gives rise to lining of the alimentary canal (except 
proctodaeum and stomodaeum) and lining of liver, pancreas, 
lungs, thyroid and urinary bladder. 

3. Mesoderm gives rise to all body muscles, connective tissue, 
dermis, peritoneal membranes, heart and vascular system, 
excretory organs, genital organs, medullary sheath, accessory 
parts of sense organs, the skeleton and notochord. 

Central nervous system—The ectoderm along the mid-dorsal 
line thickens to form a neural or medullary plate. Along the longi- 
tudinal edges of the medullary plate, ridges arise on both sides to form 
neural folds, which have a neural groove between them. The medul- 
lary plate sinks down and the neural 5 
folds rise up and eventually meet and Groove 
fuse tegether to form a neural tube. 
Formation of the neural tube from the 
neural plate is known as neurogenesis, 
The neural tube remains open in NEURA 
front for some time as a neuropore; 
posteriorly the neural folds extend 
over and close the blastopore com- rU: 
pletely, so that the neural tube Fig. 167 Тһе neurula. 
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communicates with the archenteron by a neurenteric canal. The 
ectoderm is formed again мотоснояо NEURAL PLATE 
above the neural tube. EORR, 
The wider anterior end of чЕчд STES 
the neural tube divides 
into three swellings which 
form the fore-brain, mid- 
brain and hind-brain; they 
are known as primary 
cerebral vesicles. The 
fore-brain is bent sharply 
downwards around the 
anterior end of the noto- Fig. 168 T.S. of early neurula. 
chord, this bending is 
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NOTOCHORD т 


NOTOCHOnD # 
Fig. 169 Formation of neural tube. 

known as cranial flexure. The remainder of the neural tube forms 

the spinal cord which has the neurocoel. (Fig. 170). 
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Fig. 170 L. V. section of embryo before hatching. 
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The lateral parts of the medullary plate which did not get folded to 
form the neural tube are known as neural crests; they are like ridges 
lying along the dorsolateral sides of the neural tube. The neural 
crests will give rise to docsal roots of nerves, ganglia of autonomic 
system, pigment cells and cartilages which form the visceral skeleton. 

Differentiation of mesoderm and coelom—The mesoderm in 
the lower half of the embryo is separated by splitting into two parts, 
the split appears dorsally in the mesoderm and progresses ventrally, 
dividing the mesoderm into an outer somatic or parietal layer, and 
an inner splanchnic or visceral layer, the space between these two 
layers is the splanchnocoel or coelom. But on each side of the 
nervous system and notochord, the mesoderm is thick and it does not 
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Fig. 171 ‘Transverse section of embryo before hatching. 


split but divides into metamerically ( segmentally) arranged blocks 
called epimeres, below which the mesoderm forms segmental mesomeres 
or nephrotomes. Below these the mesoderm is not segmented and 
forms the hypomeres or lateral plate mesoderm. It was this lateral plate 
mesoderm which was divided by the coelom into somatic and splanch- 
шс layers. The nephrotomes form segmental kidney tubules. The 
epimeres undergo further differentiation to form three embryonic 
Structures, the myotomes, which give rise to body muscles, the der- 
matomes which form the dermis of the skin, and the sclerotomes 
which form the axial skeleton (Fig. 171). Е 
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During all this time the embryo has elongated considerably along 
its longitudinal axis. 


Alimentary canal—The alimentary canal has a three-fold origin. 
The lower portion of the closed blastopore invaginates to form an 
ectodermal inpushing called proctodaeum, later a similar ectodermal in- 
pushing takes place at the lower anterior end to form a stomodaeum. 
The endoderm of archenteron has a large cavity in front and a narrow- 
er cavity behind dué to an accumulation of yolk cells. The endo- 
derm of the broad cavity becomes the lining of the pharynx, oeso- 
phagus and stomach; and the posterior part becomes the lining 
of the intestine, all this endoderm forms the mid-guf or mesenteron. 
The proctodaeum sinks in till it breaks and meets the endoderm 
of the mid-gut to form the lining of cloaca. Much later the stomo- 
daeum will grow in and join the pharynx to become the lining of 
the oral cavity. The submucosa, muscle layers and peritoneum of 
the alimentary canal arise from the splanchnic mesoderm. 
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Fig. 172 Embryo before hatching. 


wth of stomodaeum called hypophysis, meets a down- 
vost Gafundibulum) of the fore-brain to become the pituitary body, 
the master endocrine gland. The floor of the mid-gut grows out into 
а pouch whose cells will later give rise to the liver. Pancreas is for- 

imilar pouches. 

ен Kum pin cavity, the endoderm of the pharynx forms five 
pairs of pouches or outgrowths; these are visceral or gill clefts 
which will grow outwards and meet the ectoderm to form openings 
leading from the pharynx to the exterior. The first pair of gill clefts 


never open to the exterior, they form the tympanic cavities of the _ 
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middle ears and the Eustachian tubes. The other four pairs of gils 
clefts open to the exterior after hatching. 

Tail—An elongation of the embryo behind the proctodaeum forms 
a tail. The tail contains mesoderm, notochord and the nerve cord. 
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Fig. 173 L. V. section of tadpole after hatching. 
The tail is formed by the stretching of the posterior part of neural plate 
which gives rise to mesodermal somites of the tail, the neural folds 
by stretching from dorsal and ventral tail fins. Mesenchyme required 
to build other tail structures is derived from the hinder parts of the 
neural crests. 
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Fig. 174 Tadpole on hatching. 

The mesoderm lying between the successive gill clefts becomes 
concentrated to form six pairs of cartilaginous visceral arches derived 
from the neural crests of the anterior region. From the 3rd and 4th 
visceral arches the skin grows out to form two pairs of feathery ex- 
ternal gills which acquire blood vessels and become functional res- 
piratory organs. About the same time a deep pit lined with glandular 
cells is formed below the stomodaeum to become a sucker containing 
mucous glands. In this condition the larva is hatched by freeing 
— itself from the jelly of the spawn, the skin produces enzymes which 
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dissolve the egg membrane; it is now a free-swimming tadpole larva. 
The tadpole larva—It takes about 25 
to 27 hours up to the hatching ofa 
tadpole, and on hatching it is like a fish, 
there being no indication that it will 
develop into a frog. It is about 7 mm. 
long. The neurenteric canal has closed; 
nervous system and tudiments of sense 
organs are present; the alimentary canal 
is straight; there are four pairs of gill 
pouches and two pairs of external gills. 
The gut has only one opening, the proc- 
todaeum. The ectoderm of the tadpole 
is ciliated but cilia drop out soon. It has 
atail with out tail fin. The tadpole 
attaches itself to green plants growing 
in the pond or floating on the surface 
by its sucker. 
Larval life of tadpole—The tadpole y 
lives on its yolk though itisattached  Fig.175 Ventral view of tadpole 
to pond weeds by its mucous glands. on hatching. ` 
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Fig. 176 Tadpole with three pairs of external gills. 


i i hird pair of external gills. 
The skin on the 5th visceral arch forms a t 
The stomodaeum opens into the pharynx and the mouth so formed 

hich bear papillae used for rasping vege- 


i ir of horny jaws W : г 
athens aera Because of herbivorous diet the alimentary canal 
becomes greatly elongated and coiled. Four pairs of visceral pouches 


i the formation of 
harynx to the exterior to complete 
Же cedi clefts. Now begins the true tadpole stage. On each | 
side of the head region а fold of skin known as operculum arises; it — 
grows backwards to the external gills and gill clefts. In the mean- - 
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while the walls cover of gill clefts form four pairs of internal gills which 
become organs of respiration and the external gills begin to shrivel up. 
A current of water enters the mouth and passes through the pharynx 
to go out of the gill clefts, he internal gills are washed by this current 
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Fig. 177 Tadpole—internal gills, opercula Fig. 178 Tadpole from ventral 


and spiracle are shown diagra- side to show the 
mmatically. intestine and the 
developing limbs. 


and they absorb oxygen and give out carbon dioxide. The tail 
elongates and acquires a dorsal and a ventral tail fin, so that the tail 
becomes a powerful organ of locomotion and the tadpole swims about 
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Fig. 179 Tadpole before metamorphosis. 
feeding actively, and it grows rapidly in size. The sucker begins to 
degenerate. Formation of sense organs is completed, including lateral 
line organs which are characteristic of fishes. The adult kidney (meso- 
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nephros) begins to form. The limbs appear as buds; first the hind 
limbs appear, they increase rapidly and become jointed and form toes. 
The fore limbs arise at the same time but they are covered by 
opercula and are not visible outside, they, will emerge later. 

A review of the structure, form, habits and habitat of tadpole 
of frog shows a close relationship with fishes. Like the fish, the 
tadpole lives in water, makes use of dissolved oxygen of water in its 
gills; it has a tail wita vertebrae and myotomes supporting the tail, 
tadpole swims with the help of tail. Like fish, the frog’s tadpole has 
a lateral line system of receptors, the neuromasts, which keep it in- 
formed of vibrations in water. Gills of tadpole are covered with 
opercula just as they are in the fish. It is for these and many other 
reasons known to Biologists, frogs are believed to have descended 
from fishes, more than 200 million years ago. 

Lungs arise as a pair of buds from the pharynx; they now become 
functional, and the tadpole comes to the surface of the pond to gulp in 
air through the nostrils. The internal gills begin to degenerate. The 
tight operculum fuses with the skin, and the last current of water passes 
out from the left side; later on the left operculum also fuses with the 
skin. The vascular system becomes modified for pulmonary respiration. 
A cartilaginous skeleton is laid down when limb buds appear and it. 
persists as such throughout the life of the tadpole. 

Towards the end of the second month, the tadpole undergoes many 
tapid changes in which some larval organs are lost while others undergo 


i ificati d organs of the adult are completed; all 
extensive modifications, and Org which converts a tadpole 


these changes are spoken of as metamorphosis, 


into a young frog. : Е 
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Fig. 180 Stages in the metam 
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thyroxin, will bring about wonderful and rapid changes of metamor- 
phosis. The tadpole comes very frequently to the surface of water to 
take air into its lungs. Now the tadpole stops feeding, being nourished 
by the substance of its tail; the tail thus becomes shorter and finally 
resorbed into the trunk. The ciliated larval epidermis is cast 
off, and with it the horny jaws are also discarded, cutaneous glands 
appear which will keep the skin moist. Lateral line system of organs, 
the neuromasts lose their functional significarce and are gradually 
disorganized and finally lost. With the functioning of lungs, the 
gill clefts close, and the vascular system is modified for air breathing. 
The mouth grows wide by its angles, moving farther back and 
the true jaws become functional. The tongue enlarges and the 
eyes move to the top of the head where they bulge out prominently. 


Fig. 181 Comparison of alimentary canal of a tadpole 
and that of an adult frog. 


The stomach and the liver enlarge but the intestine shortens, because 
the larva now changes from a herbivorous to a carnivorous diet. 
Fore limbs now come out from under the opercula. The young 
frog, with a small stump of tail, leaves water for damp land for 
the first time, it begins to feed and grow rapidly, its tail stump is 
completely absorbed due to ingestion by phagocytic leucocytes. The 
young frog, in about four months’ time, changes its shape and colour 
to become metamorphosed into an adult. 
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It may be noted that during metamorphosis changes take place 
in almost every system except the nervous system. 

Effect of thyroxin on metamorphosis of tadpole—Thyroid gland 
is a ductless gland, its secretion called, thyroxin affects growth. 
This can be demonstrated with the help of frog tadpoles. Tadpoles 
with hind limbs just appearing give the best results. Thyroxin 
tablets are obtainable from druggists. Put some tadpoles in two 
petridishes containing water. Dissolve 1 gm thyroxin tablet in 500 
ml of water. In one petridish pour 5-10 drops of thyroxin solution. 
Repeat this on alternate days. Feed tadpoles on alternate days 
with small amounts of hard-boiled egg yolk and change the water 
each week to prevent fouling of the medium. Tadpoles treated with 
thyroxin metamorphose quicker than those without it. (No injections 
are needed, because thyroxin is absorbed directly through the skin 
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Fig- .182[;; Lifecycle of a frog. EE 
of tadpoles.) Since the main factor in thyroxin is iodine, the latter 
can be substituted. e 
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Development of frog’s embryo in the laboratory : A sample study by 
the author (Nigam, H.C., 1970 & 1971). 

Ist August Call notes of male frogs heard. 

2nd August (а) Spawn collected at 7-00 a.m. 


(6) Yolk plug visible with the naked eye at 10-30 a.m. 


(c) Embryos elongating within egg membranes, 
observation recorded at 16-30 hrs. 


3rd Aug. (а) Embryos moving within the egg-membrane, 6-30 hrs. 


re 


Yo oo 


(b) Embryos hatched out and moving freely with external 
f gills; eyes distinct.......... 11-00 hrs. 
4th Aug. External gills lost on the right side only; taü 
becomes longer. 
5th Aug. External gills of both sides gone, tadpoles scrape 
leaves by their horny jaws. 


19th Aug. No change till date, only the belly is protruded and 


tail fin is reduced; overall size of larva increased. 
9th Sept. Hind limb buds appearing. 


12th Oct. Hind limbs fully developed. 
13th Oct. Fore limbs "appearing. 


15th Oct. Tail begins to shorten. 


22nd Oct. Metamorphosis completed. 


Questions 


What is the average size of frog's egg and its colour ? 
What is grey crescent, where and how it comes about ? 
What kind of cleavage takes place in frog : 

meroblastic, holoblastic equal, holoblastic unequal ? _ 
What structures develop from the area of neurectoderm and the 
chordal area ? 
What events take place in gastrulation, arrange them in 
Sequence : 

invagination, epiboly, fertilization, ovulation, involution, 
ossification and rotation ? 
What is the fate of mesoderm in frog? 
Assign each of these organs to their germ layers from which 
they developed : 
retina, iris, heart, oesophagus, ileum, lungs, kidney, epidermis, 
voluntary muscles, brain, urinary bladder, ovary, internal ear and 
pancreas. ; 


Define stomodaeum; proctodaeum, cloaca, triploblastic, coelom. 
What is the sequence of breathing organs in the life of a frog? 
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At what stage do you expect the presence of a spiracle in the 
frog’s life? " 

What for are the suckers in the young tadpole? 

How are the Eustachian tubes formed in the young frog? 

Why is itthat a tadpole has a longer intestine than that of an 
adult frog? 

It is said that *Amphibians evolved from fishes". Support it 
from the life-history of frog. 

Why does iodine added to the tank containing young tadpoles 
hasten metamorphosis ? 

Describe the development of frog's egg up to the formation of 
three germ layers. 

Give an account ofthe changes in the structure of breathing 
organs and mode of breathing during the metamorphosis of 
tadpole of frog. 

Describe the origin, development and differentiation of meso- 
derm in the frog's egg. 

Formation of neural tube from the neural plate is known as.... 
Alimentary canal of tadpole is longer than that of adult frog, 
because— 

(a) tadpole takes larger quantity of food, 

(b) tadpole eats all the time, 

(c) its food takes longer time to digest*, 

(d) it requires more energy for swimming. 

Insufficient iodine dissolved in pond water or in the food of 
tadpole— 
(a) causes retarded growth, 

(b) produces giant tadpoles, 

(c) delays metamorphosis,* 

(d) hastens metamorphosis. 

Which of the body parts are developed from the endoderm : 
liver, lung, pancreas*/kidney, spleen, retina/muscles, cutaneous 
glands and the thyroid/brain, choroid of the eye and notochord. 
(CPMT-1988) 


. At the time of metamorphosis the tadpole feeds upon : insects / 


algae / algae and insects / nothing*. (PMI—1990) vs 
Some parts developed from ectoderm in frog are : brain, liver, 
gills / spinal cord, epidermis and heart / dermis, nerves and lungs / 
retina, epidermis and brain*. (PMT—1990). : 3 
Cleavage is supposed to terminate after the formation of уйк 


plug / blastula*/ garm layers / epiboly . QPMT90) A 
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Protozoa are very small, microscopic animals whose bodies аге 
made of single cells; thus they are unicells, or non-cellular or acellular 
animals. Their single-celled bodies are complete organisms which 
perform all the activities of higher multicellular forms. Parts of their 
protoplasm are specialized for special functions and are called organ- 
elles in contrast to organs of cellular animals. Protozoa may be free 
living in fresh water ponds and puddles, sea water and moist soil, or 
parasitic in the bodies of other organisms. 


The term Protozoa was coined by Goldfuss in 1820. Antony von 
,Leuwenhock (1974) was the first person to have observed protozoa 
under a microscope; he called them ‘“‘animalcules”. Later, Dobell 
stated that Protozoans are acellular or non-cellular rather than uni- 
cellular.  Ledermuller gave the protozoans the name Infusoria, as 
they occurred in infusions. 


The pond community—The pond is a world of life within its own 
boundaries. It has its own variety of producers and consumers. 
Conspicuous pond producers are the floating or submerged pond 
weeds, but the more important pond producers are not the obvious 
ones; they are the microorganisms (phytoplankton) such as blue-green 
and green algae and diatoms. They have ways of keeping afloat. They 
are carried about here and there by the currents in the pond. The chief 
consumers are not the fish and frog or large arthropods. Microorga- 
nisms again are the chief consumers; among these are a variety of 
protozoa and rotifers zooplankton which keep afloat, swimming or 
moving up and down between the surface and bottom of the pond. 
Floating microorganisms, producers as well as consumers, are collec- 
tively known as plankton (the term was coined by Victor Hensen in 
1887, meaning *wanderers"). Limnology is the name given to the study 
of the biology of fresh waters. 
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Amoeba proteus—a free-living protozoan 


We begin the study of Protozoa by studying a common pond 
animalcule known as Amoeba. Rosel von Rosenhoff (1755) first 
discovered amoeba. There are many species of Amoeba, but here 
Amoeba proteus is selected because of its relatively large size and 
simple structure. Leidy (1879) was the first person to describe 
Amoeba proteus; the species was named after a Greek god Proteus 
who had the power fo change shape. Some other common species 
of amoeba are : A. verrucosa (200p), A. dubia, A. limax, A. radiosa 
and A. discoides (4004), Chaos chaos (600% and multinucleated) is а 
giant-sized amoeta. Amoeba proteus is found in slimy bottom of fresh 
water ponds and is about 0:25 mm in diameter. It is a shapeless 
ever-changing jelly-like mass of protoplasm which is differentiated into 
an outer colourless ectoplasm having longitudinal ridges, and an inner 
more fluid but granular endoplasm in which streaming movements may 
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Fig. 183 Amoeba under light microscope. 
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be seen. The outer ectoplasm is more firm and less fluid and non- 
granular; it has an outer limiting coat of elastic plasmalemma 
formed by surface tension, it retains the protoplasm within, but it 
is semipermeable and allows passage of water, Os, and CO,. Electron 
microscopy has revealed that plasmalemma is 1—2,, thick and double, 
and from its outer membrane, fine processes, the microvilli, project 
outwards. Microvilli probably help amoeba to adhere to the surface 
on which it moves. Below the plasmalemma ic clear homogeneous 
ectoplasm known as the hyaline layer. The endoplasm is more 
fluid, heterogeneous and granular. Below the hyaline layer the 
endoplasm is more solid and is called plasmagel which encloses a 
central elongated liquid endoplasm called plasmasol which shows 
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Fig. 184 A part of Amoeba under electron microscope (diagrammatic). 
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streaming movements. The granules in the endoplasm are of various 
descriptions. Majority of them are small vesicles with ribosomes on 
their surfaces; these constitute the endoplasmic reticulum. Other 
granules are the mitochondria and several Golgi bodies. A variety 
of granules are excretory matter in the form of crystals of carbonyl 
diurea. Very small or ultramicroscopic pinocytic vesicles are com- 
monly seen near the surface. They contain fluid taken by pinocytosis. 
Some vacuoles, usually dease in nature, contain hydrolytic enzymes; 
these are called lysosomes. 


Suspended in the endoplasm is a biconvex, lens-like dense nucleus. 
In a young Amoeba the nucleus is biconcave; later it becomes plano- 
convex or bun-shaped. On staining, the nucleus is seen to be enclosed 
in a firm nuclear membrane, and it has particles of chromatin scattered 
throughout the nucleoplasm. The position of the nucleus varies with 
the movements of Amoeba. Within the nucleus are many small, 
spherical chromosomes said to number anything between 500 to 600. 
Some other protozoa akin to amoebae, e.g., Globigerina and 
Aulacantha have 1660 to 1800 chromosomes in their nuclei. 


A clear space arises in the endoplasm and it grows, being filled 
with water; this space is a contractile vacuole. When it has grown to 
full size, then, after a short period of rest, it suddenly collapses 
due to the closing of its walls from all sides, thus it throws out its 
contents through a non-existent pore. A number of small vacuoles 
appear where the old ones had collapsed; but only one vacuole in the 
centre grows, and as it grows, it iscarried towards the nucleus, then 
moves backwards. The contractile vacuole is excretory for discharg- 
ing some waste substances; it is also respiratory because it removes 
some CO,, but essentially it is a hydrostatic or osmoregulatory organ 
and continuously removes the excess of water which the Amoeba 
absorbs all the time from its surface and some which is taken with 
food; thus it regulates the tension between the protoplasm and the 
surrounding water and controls the osmotic balance of the animal. 
If by means of some poisons, the contractile vacuole is inactivated, 
amoeba swells up with water. One may conclude that in a situation 
as this, the amoeba would burst to death. In fact, as water begins 
to accumulate, the cytoplasm gets diluted and its concentration 
reverses the osmotic gradient. It would first become isotonic, then 
hypotonic to surrounding water; no more water will then pass into 
amoeba. Practically, in such a situation the entire physiology of 
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amoeba is disturbed and it dies. A number of mitochondria are crow- 
ded along the margin of contractile vacuole, obviously to provide 
energy for the working of contractile vacuole. An amoeba has as 
many as 50,0000 mitochondria. 


Pseudopodia are numerous, blunt, shapeless processes of the 
protoplasm. Several pseudopodia are formed all the time in all the 
directions, they are formed and withdrawn so that the shape of Amoeba 
is constantly changing. Broad and blunt pseudopodia seen in Amoeba 
are called lobopodia, their average size is roughly 200#x50/. The 
movements performed by the formation and retraction of pseudopodia 
are called amoeboid movements which bring about locomotion and 


a change of shape of the body. Pseudopodia are also used for 
capturing food. 


Food vacuoles are found in the endoplasm, they are spaces filled 
with a fluid, and each vacuole contains a morsel of food, the fluid is 
water and the digestive secretions of the protoplasm. ; 


Nutrition—The food of Amoeba consists of bacteria, small proto- 
zoa, diatoms, algae and pieces of animal and vegetable matter. It takes 
in or ingests solid food, though there is no mouth; the food is ingested 
at any point, usually this point is at the temporarily advancing end. 
When a pseudopodium comes in contact with a food particle, the part 
in contact stops flowing forward and the remaining parts of the 
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Fig. 185 Ingestion of food (circumvallation). 


pseudopodium flow above, below and on the sides of the food, 
forming a pocket around the food called a food cup; the edges of this 
pocket fuse, thus surrounding the food particle, Water is also taken 
in with the food, thus a food vacuole is formed. The outer part of 
the pseudopodium was ectoplasm, and enclosing the food this part 
has become internal and changes into endoplasm.  Ectoplasm and 
endoplasm can change into each other. Such a method of ingestion 
is called circumvallation, in which the food cup does not touch the 
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food and it contains a large amount of 
water. This method is used for capturing 
active prey (Fig. 185): When the prey 
is immotile, the pseudopodia form a 
food cup enclosing the food from 
above and pinning it to the substratum, 
the cup. is then completed below 
enclosing the food on all sides; this 
method of ingestion is called circum- 
fluence. By repeating the process an 
Amoeba can also ingest a long 
filament of alga and can roll it up 
Fig. 185 Ingestion of food inside. The ingestion of food takes one 
(circumfluence). to several minutes. Amoeba exhibits 
a choice in the selection of food; it can discriminate between inor- 
ganic particles such as sand and food. If a particle of carbon is 
fixed to a food particle, the Amoeba will engulf the food leaving 
the carbon outside. 

Amoeba takes small amount of fluid food by a process called 
pinocytosis or се] drinking". Ultramicroscopic pockets are formed 
on the surface at the tips of pseudopodia. The pockets gradually . 
detach from the surface membrane and sink into the endoplasm as 
tiny pinocytic vesicles. 

There is yet another way by which Amoeba takes materials from 
outside, specially certain ions necessary for the life processes of Amoeba. 
These ions, even though present in the Amoeba in large concentrations, 
are actively pulled in through the surface membrane. This forcible 
intake of materials against osmotic gradient is called active transport 
and is energized by ATP. 

Digestion—Hydrolytic 
(digestive) enzymes are 
contained in a number 
of fluid-filled vacuoles in 
the cytoplasm called 
lysosomes. The 1у5050- 
mes adhere to the food 
vacuoles and slowly fuse 
With the latter, thus dis- 
charging their contents in 
the food  vacuoles. By Fig. 187 Stages in egestion of waste, — 
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using harmless indicator dyes, it has been found that the first enzymes 
to act on food work in acid medium. This is followed by enzymes 
that-act in alkaline medium. Enzymes digest proteins and change 
them into amino-acids; starch is digested and changed into soluble 
sugars; fats are digested by only some amoebae; they are changed into 
"fatty acids and glycerine. After digestion the food vacuole becomes 
smaller and digested food diffuses out into the endoplasm and is 
converted into protoplasm by a series of physico-chemical processes 
(metabolic). This last treatment is called assimilation. 
Egestion—There is no aperture for discharging the remains of 
- undigested food but it is dropped behind by a temporary rupturing of 
the surface membrane as Amoeba moves. The gap is healed soon after. 
. Excretion—Waste substances are nitrogenous ammonium com- 
pounds, and less often there is urea. Crystals of carbonyl diurea 
(excretory crystals) are also excretory: products (Fig. 184) which аге 
not removed; instead, are stored in the body and serve to increase the 
osmotic gradient of the protoplasm hyperosmotic to the surrounding 
medium. This is an instance of ‘storage excretion’. СО, is also a 
waste substance. These excretory products are discharged by the 
general surface of the cell and also by the contractile vacuole. 
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Fig. 188 Metabolic processes in Amoeba. 
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Respiration—Oxygen dissolved in pond water is absorbed by the 
surface of protoplasm from water and is used to produce energy by 
oxidation of nutrients, specially glucose: waste CO, is given out. 
Amoeba moves towards oxygen concentrafions in the pond. 

Locomotion—Formation of pseudopodia in any direction leads : 
to locomotion in that direction. But locomotion is not definite in 
Amoeba proteus and it seems to move in different directions. 

Formation of a pSeudopodium starts with the bulging of hyaline 
layer of ectoplasm, this bulge increases in size and thickens towards 
the advancing end to form a hyaline cap. Then suddenly the éndo- 
plasm flows into this and the animal forms a large pseudopodium and 
moves in the direction of the formed pseudopodium. Another pseudo- 
podium may form in the same or some other direction. 

Rosel von Rosenhof (1775) was the first man to have observed 
amoeboid movement. How pseudopodia are formed and how they 
affect the position of amoeba is a matter of differential opinion. 
About 140 years from this day, Ehrenberg first attempted to explain 
amoeboid movements by suggesting that pseudopodia were hernia- 
like protusions forced out by muscular contraction of the hind part 
of the animal. His theory postulated that there are contractile strands 
of gel in various regions, particularly in the advancing pseudopodia- 
Which pull the protoplasmic mass ahead. Since then many theories 
of amoeboid locomotion have been put forth, adding to the history 
of amoeboid movement. Contraction theory of Jennings (1904) and 
later or Dellinger (1906) (believing amoeba using pseudopodia as 
feet or legs), surface tension theory of Butschli and Rhumbler are 
merely historical. Sol-gel changes theory first proposed by Hyman 
(1917) and later on elaborated by Mast and Pantin (1923-26) was the 
backbone of new theories of mid-20th century. 

Mast's (1926-30) Gel-Sol theory and Rinaldi & Jahn's (1963) contrac- 
tion hydraulic theory of locomotion—Locomotion in Amoeba is due to 
the formation of pseudopodia; this is brought about by four processes 
which are—(a) 4moeba gets attached to the substratum by its lower 
Surface. (b) Plasmasol moves towards the direction of lowest pressure 
which is also the advancing end, and gelates. (c) Plasmagel solates at 
the posterior end. (d) Contraction of plasmagel tube at the posterior 
end drives the central plasmasol forward. The plasmasol changes 
into plasmagel at the anterior end and as the plasmagel contracts 
towards the posterior end, its contraction produces a hydraulic pressure © 
on the plasmasol. The resistance to the pressure is least at the 
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anterior where the thin sheet of plasmagel is continually stretched 
and occasionally broken, but continually re-formed by gelation of 
plasmasol. The plasmagel is strongest at the sides and of intermediate 
strength at the posterior.* Thus, a pressure at the anterior causes a 
reversal of flow, or a pressure at the side of the anterior causes a de- 
flection away from pressure. The plasmagel is under continuous 
tension and any localized reduction in elastic strength will cause the 
formation of pseudopodium. e 

Efforts were made in 1950's to explain amoeboid movement on 
tbe vehaviour of molecules at the surface of protoplasm. Goldacre 
and Lorch (1952) believed that protein molecules existed in a variety 
of forms, sometimes neatly folded up and free, and sometimes 
quite unfolded and linked into chains. The unfolded molecules are 
characteristic of plasma gel and folded molecules of the plasma sol. . 
In the centre of amoeba, there are free and neatly folded up molecules. 
When these reach the tip of the pseudopodium, they start unfolding 
and Jink up in chains, thus causing the sol to change into gel. They 
continue to unfold and draw backwards. In the posterior part of 
amoeba, the protein molecules begin to fold, though still cross-linked. 
Superficially, the much-folded or wrinkled cytoplasm at the posterior 
end forms a semi-transparent structure called uroid. Folded mole- 
cules gradually become free as they draw towards the centre. Elec- 
tron microscopy shows long protein chains resembling myofilaments 
(Schneider, L. and Wohlforth-Botterman, K.E. 1959). 

Ehrenberg's theory of amoeboid movement has been revived by 
Allen, R.D., who put out his ‘Fountain theory’ (1960-62). This 
theory combines several others and presents some points of its own. 
In an advancing pseudopodium, the plasma sol first streams forward 
and the gel backwards, then it makes U-bends at one end where sol 
is deflected to the sides. The bends were called ‘fountains’. Plasma 
sol thickens in the fountain zone. It was believed that gel strands 
(the long protein chains) attached to the advancing sol, contract or 
fold and pull the anterior sol forward, water is removed to the 
hyaline cap (a process termed *syneresis and passes back under the 
plasmalemma to be returned to the protein at the posterior end where 
sol is formed by the conversion of gel. Formation of sol is due to 
folding of protein chains. 

' Energy for locomotion—In order to bring about locomotion, an 


- Amoeba needs energy. From where does this energy come? A 


chemical substance present in all cells is known as adenosine triphos- 
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phate (for convenience it is abbreviated to ATP). ATP has one mole- 
cule of adenosine to which three phosphate radicals are linked by 
‘high energy’ bonds, the ATP thus contains large quantities of 
energy. ATP molecule delivers energy tc: other molecules by trans- 
ferring to them one or two of the phosphate radicals. The large 
amount of energy obtained by breakdown of ATP is used by Amoeba 
for locomotion. After transfer of energy, ATP is changed to adeno- 
sine diphosphate or ADP, but is quickly re-synthesized by restoring 
PLASMASOL PLASMALEMMA 


REGION Or 
CONTRACTION 


PLASMAGEL 
REGION GF 2OLATION 


REGION OF GELATION 


Fig. 189 Regions involved in amocboid movement according to the Gel-Sol 
Theory of Mast (1930) and Contraction-hydraulic theory of amoeboid 
locomotion by Rinaldi and Jahn 1963. The relative strength of the- 
hydraulic pressure is indicated by +-. 

the lost phosphate radical with the help of energy unlocked from 
glucose (food); thus ATP, the high energy reservoir, is always avai- 
lable. (Refer Chapter 35.) 

Irritability—Amoeba has no nervous system but it responds to 
external stimuli, this is called irritability or responsiveness. Various 
responses constitute the behaviour of amoeba. For instance, its 
movements are retarded by cold, but it becomes more active by heat 
up to a point between 20° to 25° C, if the temperature is raised to 30° 
to 35° С, its movements cease, and at 40° С death results due to 
coagulation of protoplasm. Such reactions due to the stimulus of 
heat are called thermotactic responses or thermotropism. 

To a gentle contact (thigmotactic) its response is positive, i.e. it 
moves towards it and will tend to increase the area of its surface 
in contact. But to a forceful contact the response is negative or the 
Amoeba moves away from it; it first stops, then draws back and 
moves away in a new course, generally at right angles to the old 
one. Jt reacts positively to weak light (phototactic) and negatively 
to strong light, though it avoids darkness and selects a place of inter- 
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mediate or optimum light. No definite photoreceptors are known 
to be present in amoeba, but photosensitivity is believed to be due 


` {о the ‘dermal light sense’ with which amoeba changes it direction 


and speed of movement irf response to stimulation by light. 
Amoeba shows positive reaction to weak chemicals (chemotactic) 
but reacts negatively to strong chemicals. With a weak electric current 
(galvanotactic) amoebae collect towards the cathode showing negative 
response. While floating, they are carried away in the direction 
of water current, showing positive response to current (rheotactic 
reaction). They like to crawl over the bottom of the pond or the 
container showing positive reaction to gravity (geotactic reaction). 
The Amoeba, though extremely simple in structure, possesses all the 

fundamental properties of protoplasm and carries on all the vital acti- 
vities performed by higher animals. It manifests all metabolic proces- 
ses—it takes in food, digests and assimilates it to form new protoplasm, 
grows, and puts out waste substances. It also respires and the energy 
exhibited by its movements shows katabolic processes in which 
oxidation in the tissues occurs and one of the waste products is CO,. 
Its protoplasm is sensitive to stimuli, and it can adapt itself to changed 
conditions of the environment, and Amoeba reproduces too. 

- Reproduction—1. Binary fission— When food is abundant and 
temperature optimum, Amoeba reproduces. by binary fission. The 
contractile vacuole disappears, nucleus becomes oval and is drawn out 
into a dumb-bell shape, and more than 500 spherical chromosomes 
appear in it, then it divides into two parts which become rounded into 
two new nuclei. The nuclear division is a modified mitosis and 
nearer to amitosis. An intranuclear spindle is formed with polar 
caps. The daughter chromosomes are not pulled apart as usually 
happens in mitosis; here, the separation is by the elongation of the 
region between the two daughter groups of chromosomes. There is 
a correlation between the nuclear division and the changes in the 
external appearance of the animal. During prophase of the nucleus, 
the Amoeba becomes round with fine radiating pseudopodia; during 
anaphase the pseudopodia become thick and coarse. In telophase the 
cell elongates and a deep constriction appears in the cell passing 
towards the middle. This constriction eventually divides the cell into 
two halves, each containing one new nucleus; thus two daughter cells 
are formed in which the pseudopodia become normal. The daughter 
cells acquire a contractile vacuole each, they now feed and grow into 
adult Amoeba. Thus there is no death for Amoeba, it passes off into 
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the next generation of daughter cells. Binar i 

а da : y fission occurs when 
the quantity of ze Is just duplicated. Prophase lasts 10r about 
ten minutes, metaphase for four, anaphase for te 
about eight minutes. е ilc 

2. Regeneration—Any cut part of an Amoeba containi 

j ntaining a por- 
tion of the nucleus will eventually grow into a new pene ‘this 


NUCLEUS 


DAUGHTER AMOEBAE 


Fig. 190 Binary fission in Amoeba. 
Power of making up the lost portions is called regeneration. Any cut 
Part without a nucleus will live for some time but will eventually die; 
it cannot regenerate because the nucleus is the controlling factor. 

3. Encystment and multiple fission—When unfavourable condi- 
tions of food and temperature arise in a pond, the Amoeba with- 
draws its pseudopodia and becomes rounded. Streaming movements 
Of protoplasm stop, large granules dissolve, and the protoplasm 
becomes minutely granular. Distinction between ectoplasm and 
endoplasm is lost. The Amoeba now rotates and secretes a covering 


Which hardens into a cyst; two more layers are added inside the cyst — 35 


to form a three-layered cyst. The rotation of Amoeba stops. The 
cyst is a resting stage and it protects the animal from death due to 
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drying or freezing; it also serves as a means of dispersal, because the 
cysts are blown about by the wind. When the cyst is blown into 


THREE LAYERED CYST 
PSEUDOPODIOSPORES 


Fig. 191 Encystment and multiple fission. 
another pond, or the pond is again filled with water, the cyst bursts, 
the protoplasm flows out to re-form the animal which resumes its 
normal mode of life. Sometimes an Amoeba may undergo multiple 
division when encysted, the nucleus divides amitotically till 500 
to 600 nuclei are formed. The nuclei move towards the periphery. 
The cytoplasm divides and surrounds each nucleus to form small 
amoebulae or pseudopodiospores. When favourable conditions of 


‘ food and temperature return, or the cyst is blown into another pond, 


it absorbs water and its walls burst, the pseudopodiospores escape 
and soon grow into new Amoeba. 

The segmentation of: cytoplasm does not extend to the centre of 
the cyst and some residual protoplasm is left unused in the middle. 

Multiple fission inside the cyst has been described but not estab- 
lished. The modern view is that no multiplication occurs in the cyst. 

4. Sporulation, first observed and described by Taylor. Under 
unfavourable conditions the nuclear membrane of Amoeba breaks, 
blocks of chromatin escape from the nucleus into the cytoplasm. 
Each chromatin block becomes a new nucleus with a new nuclear 


* NUCLEI! 


CHROMATIN SPORE 


Fig. 192 Sporulation. 
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membrane. New nuclei acquire some cytoplasm to form amoebulae 
in the parent Amoeba. Each amoebula gets surrounded by a spore 
case. About two hundred spores are formed and the parent dies. 
On return of favourable conditions, a new Amoeba is produced 
from each spore. 

Plasmodium. vivax (Malarial parasite) —a digenetic 


, Parasitic Protozoan 


authors take mosquito as the definitive host. Having two hosts, 
(digenetic life-cycle) Plasmodium ensures continuance of its existence 
in the event of death of any one host. The Anopheles carries the 


malarial parasite from an infected. human host to a fresh host whom 


it bites, hence the mosquito is also a vector or carrier of disease. 
Monkeys have malarial parasite in their blood hence they act as 
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GOLGI BODY 
Fig. 193 Ultrastructure of the trophozoite of Plasmodium. 
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reservoir hosts but themselves do notsuffer from malaria. Mosquitoes 
may transmit the parasites from monkeys to man. 

The trophozoite—The fully grown malarial parasite is called tro- 
phozoite ` which lives insice the red blood corpuscles of the host 
(Man). Ultrastructure of the trophozoite was first studied by Garnham 
in 1966, and later on by Rudzinska in 1969. Trophozoite is a 
typical cell with a double cell membrane. ‘Within the cell is the 
endoplasmic reticulum in the form of small smooth-walled or rough- 
walled vesicles. Rough vesicles have ribosomes on them. Free 
ribosomes are also found. Cytoplasmic inclusions such as mitochon- 
dria and Golgi body are just as in a typical cell. No vacuole is. 
contractile. The trophozoite feeds upon the haemoglobin of red 
blood cor “corpuscle. Digestion is mostly intracellular and a residual 
product called haemozoin is scattered jn the cytoplasm inside 
vacuoles. Trophozoite | ‘obtains liquid 1 nourishment by pinocytosis too. 
Та 1966 Aikawa reported the presence of a cytostome (cell-mouth) 
in the trophozoite of bird malarial parasite by which food was 
ingested and made into a food vacuole. 

Life-history—When an infected female A nopheles bites man to suck 
blood, it also injects the malarial parasites into the ‘human_blood 
with its saliva. Thisfinfective stage of Plasmodium is a minute sickle- 
shaped sporozoite.) Sporozoites are inoculated in thousands i | into the 
human blood. In about half an hour hour the sporozoites disappear from 
the €. blood „Stream, (observed by Fairley in 1955) and enter the 
parenchymatous cells of the liver to escape fr from phagocytic- -white 
.blood corpuscles and multiply th their « own number. 

~ Schizogony—{Each sporozoite grows in the liver cells to form a 
largé and rounded schizont, which divides to form about 1,000 small 
spindle-shaped merozoites. } J The multiple fission is called schizo- 
gony. The schizont ruptures and merozoites are liberated into liver 
venous.passages (sinusoids). This phase of reproduction is termed 

: the pre-erythrocytic. phase and in this the merozoites | are also called 
cryptozoites: they are immune to medicines and also to the. resistance 
of the. host. 

The cryptozoites (merozoites) enter new liver cells, grow into 
schizonts which again divide to form merozoites. These merozoites of ' 


Note :—There is some difference of opinion about giving the status of primary 
host to Man. Whereas Zoologists believe that the host in which the | 
adult (trophozoite) of the parasite lives should be called primary host; 
on the contrary Medical students believe that the primary host is the one 
in which the sexual cycle is complcted- 
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the second generation are termed metacryptozoites and their forma- 
tion is called’ the exo-erythrocytic phase. The exo-erythrocytic cycle 
may continue in more liver cells to form a reservoir of parasites, or 
some merozoites after two or more cycles in the liver may re-enter the 
blood stream. Those merozoites which reach the blood stream attack 
erythrocytes, these are called phanerozoites or metacryptomerozoites. The 
time taken from the infection by sporozoites into the blood till they 
return to blood as merozoites is about ten days, and is called the incuba- 
tion period, during which the patient shows no symptoms of malaria. 
Inside the erythrocyte, another multiplication phase of schizogony 


follows, which is known as erythrocytic phase (also called cycle of ` 


Golgi). On entering the red blood corpuscles the merozoites begin to 
feed on the corpuscles. Soon a vacuole appears in the merozoite 
pushing its nucleus to one side, this stage is called a ring-shaped 
trophozoite which is $ to à the size of an erythrocyte. The tropho- 
zoite grows further at the expense of the corpuscles to become some- 
what rounded and amoeboid. This full grown trophozoite is called a 
schizont and it has yellowish-brown pigment granules of haemozoin 
derived from the iron of haemoglobin of the corpuscle. The corpuscle 
becomes much enlarged and acquires granules called Schuffner's dots. 

The schizont undergoes repeated divisions to form about 12 to 24 
merozoites. A certain amount of residual cytoplasm along with the 
haemozoin granules is left unshared. This phase of asexual multi 
plications is called erythrocytic schizogony. The merozoites so 
produced burst the weakened corpuscle and are liberated into the blood 
plasma. These merozoites or schizozoites are short, thick spindles 
and they enter new erythrocytes and repeat the cycle of erythrocytic 
schizogony once every 48 hours, and this may go on for many genera- 
tions. They may also go to the liver cells to undergo a post-erythro- 
cytic schizogony. Along with the merozoites, toxins are liberated into 


the blood when corpuscles rupture, the toxins are carried to all parts - 


of the body and are deposited in the spleen, liver and under the skin. 
Accumulation of toxins causes benign tertiary malaria fever, skin 
becomes sallow-coloured, there is high temperature after every 48 
hours with chills and shivering, followed by sweating. | 
Sexual cycle ог Gamogony—After several generations of schizogony 
some of the merozoites grow into large l 
They become large slowly and produce much pigment; these merozoites 
form two types of cells called gamonts or gametocytes; there are male 
and female gametocytes. The female gametocytes or megagametocytes. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri І 


cells inside blood corpuscles. ' 


[i 
286 ANIMAL BIOLOGY 


are round with food-laden cytoplasm and a small excentric nucleus. 
Male gametocytes or microgametocytes have clear cytoplasm and a 
large central nucleus; both contain large amounts of haemozoin. 
Gametocytes remain in the blood for several weeks but are unable to 
develop further in the human host, because of the high body tempe- 
rature of man. It is, therefore, necessary for them to be taken into the 
body of an Anopheles, where suitable temperature is available. 
Mosquito is a cold-blooded animal. If this does-nof happen, game- 
tocytes degenerate and dic. 

If, gametocytes are sucked up by an Anopheline mosquito along 
with blood, they reach the stomach, the corpuscles are dissolved but 
gametocytes are not digested. When removed from the warm human 
blood into the mosquito, the microgametocytes undergo a striking 
change called exflagellation. The nucleus divides into 4 to 8 nuclei 
around which cytoplasm collects to form long flagellated. structures 
called microgametes, which break from the pigmented residual cyto- 
plasm. They grow and begin to swim in the stomach of a mosquito. 

The megagametocyte undergoes little change, nucleus divides into 
two, one of which moves out along with some cytoplasm and projects 
outward as a polar body; this changes it into a mature megagamete. 
Soon the mature megagamete puts out a small conical projection, the cone 
of fertilization. The gametes, being dissimilar, are called anisogametes. 

One microgamete attaches itself to the cone of fertilization of the 
megagamete and the two fuse to form a round zygote. 

The sexual cycle is completed in any kind of mosquito which may 
feed on human blood, but further development of malarial parasite 
will occur only if the parasite is sucked along with blood by an 
appropriate species and variety of mosquito, i.e., only in certain species 
of Anopheles. 

Sporogony—The round zygote may come to lie between the cells 

` of the stomach of the mosquito, but those zygotes which fail to pene- 
trate the stomach wall become elongated and motile and are known as 
ookinetes. Ookinete is a dying stage and is passed out with the faeces 
of the mosquito (L. Howard, 1960). The round zygote penetrates the 
stomach wall and comes to lie below the outer epithelium where it be- 
‘comes enclosed in a cyst formed partly by the parasite and partly by the 
| stomach of the mosquito. The encysted zygote is now called an oocyst 
which protrudes like a wart from the outer surface of the stomach. 


There may be as many as 50 oocysts on the stomach of a single | 


mosquito. The oocyst absorbs nourishment and grows about five 
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- times in size. Its nucleus divides repeatedly to form many nuclei and 


the cytoplasm develops large vacuoles called zoitoblasts forming 


| faintly outlined cells having particles of chromatin. Nuclei arrange 


themselves around the margins of vacuoles: Each nucleus acquires 


‚ some cytoplasm to form a slender spindle-shaped sporozoite. The 


`- This phase of asexual ‘nultiplication is called sporogony which is com- ` 


sporozoites break loose from the remaining cytoplasm and form a 
tangled mass in the oocyst; each oocyst may have 10,000 sporozoites, 


pleted in 10 to 21 days from the time the gametocytes are taken in 
by the mosquito, the time depends on the temperature. е 
The oocyst bursts and sporozoites are liberated into the body cavity 
of the mosquito, and most of them find their way into the salivary 
glands and ducts of the mosquito. They are injected. into human 
blood with the saliva, when a mosquito bites a man. 
The life-history of- Plasmodium-shows three phases or cycles. (1) A 


‘cycle of growth and asexual multiplication or schizogony in the liver 


cells and erythrocytes of man. (2) Sexual cycle which begins in man 
and is completed in the stomach of Anopheles. (3) А cycle of asexual 
multiplication or sporogony on the stomach of Anopheles. 
Parasitism—P/asmodium due to a parasitic life shows an extremely 
simple Structure within, the liver cells and. erythrocytes. There are 


| i exaggerated phases of multiplication in schizogony and sporogony . 


to ensure continuation of the race. There is an intermediate or 
alternative host which serves as a vector whereby continual streams of 
reproductive stages can be transferred from the original host to new 


. Ones, so that, in the event of death of the host or the parasites being 


killed in him by treatment, the continuity of the race is not interrupted, 
because after biting, the vector becomes a reservoir of the parasite. 
Monkeys are a danger because they are reservoir host of the parasite. 

Species of Plasmodium—Plasmodium is found in man, birds, 


t reptiles and rats. Plasmodium berghei is found in rats and P. galli- 


nacum is found in chicken. Four species of Plasmodium cause malaria 
in man but their life-histories are very much alike with minor differ- 
ences in structure of stages and the time required for schizogony. 


l. Plasmodium ovale is found in Man in West Africa and South 


America; in it, new generations of merozoites are formed every 48 
hours; i tertian ria. Its incub eriod i 


__ Schizonts andgametocytes enlarge » the infected erythrocytes. The other 


three species are common and have a wide distribution. 
2. Plasmodium vivax causes benign tertian malaria in which fever 


пала ee ee 
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comes every 48 hours due to formation of new generations of mero- 
Zoites. It is the most widespread i in both tropical and temperate zones 
and relapses occur in it. Incubation period is 10 days. Schizonts and 
gametocytes make erythrocytes very large. Its haemozoin granules 
are light brown and the gametocytes are round in shape and larger 
than corpuscles. 

3. Plasmodium malariae causes quartan malaria, in which fever 
comes after every 72 hours, and relapses occur. Incubation period 
varies from 27 to 37 days. Erythrocytes are not enlarged. It is found 
in both tropical and temperate zones but is not very widespread. It has 
dark brown haemozoin granules, and its gametocytes are round but 
smaller than corpuscles. 

Two forms of fevers are modifications of tertian malaria: Tertiana 
duplex in which two generations of P. vivax mature on two successive 
days; and Quartana triplex in which three generations of P. malariae 
mature on tkree successive days. 

4. Plasmodium aca is very common in tropics. and it causes 


course is shorter and without relapses. Death rate of Re 
malaria is the highest as in it the rbc clump together into masses 
causing blockade of blood capillaries. Ring-shaped trophozoites are 
small and often two in one erythrocyte. It has dark brown or black 
haemozoin granules, its gametocytes are crescent-shaped. Falciparum 
infection also causes black-water-fever (pernicious malaria) in which 
there is mass-destruction of rbc and break-down products of haemo- 
globin pass into the urine giving the latter a blackish colour. 
Malaria, its therapy—Of all human diseases, none is more important 
than malaria (the word was derived from Italian language, mal— bad ; 
aria—air; as it was believed that tbe disease is caused by the bad 
or foul air of the marshes where mosquitoes were breeding in large 
numbers) because it kills millions of people yearly, besides which many 
more suffer from the disease. Malaria was known for a long time but 
it was only in 1880 that Laveran, a French surgeon, discovered the 
malarial parasite in man in Algeria (Africa). Golgi and Celli, in 1885 
discovered red blood corpuscles injected with the malarial parasite. 
In 1899 Ronald Ross (awarded Nobel Prize in 1902) showed that 
Plasmodium is transmitted by Anopheline mosquitoes and next year 
Grassi worked out the cycle of the parasite in Anopheles. Ross had 
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Fig. 195 Comparison of four species of Plasmodium. 
A—Plasmodium ovale B—P. vivax 
C—P. malariae D—P. falciparum 
]—Ring-shaped wophozoite — 2—Schizont 
3—Y Female gametocyte 1—Male gametocyte 


observed oocysts on the stomach of anopheline moquitoes (1897). 
It was not till lately that the complete life-cycle in human beings was 
worked out by many workers including Huff, Shortt, Tate and James. 

In malaria fever, there are three stages: in the first stage the patient 
has recurrent shivering chills and rigour; second stage has high fever 
up to 104° F, accompanied by convulsions; in the third stage fever is 
followed by profuse sweating. The attacks commonly occur between - 
midnight and noon and last from 6 to 10 hours; after an interval 
the next attack comes on. 

Repeated attacks of malaria eventually lead to the enlargement 
of liver and spleen. Enlarged spleen releases lysolecithins which 
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cause rapid haemolysis (rupture of cell-membrane) of the red blood 
corpuscles. Lysolecithins are produced from lecithins by certain 
enzymes, the lecithinases. Lecithins themselves are compound lipids 
of the phosphoglycerides group. Lecithins are present in all living cells 
and are important constituents regulating cell permeability. Lecithina- 
ses are present in the venoms of bee and cobra and when injected into 
the blood stream by sting or bite break down lecithins and produce 
lysolecithins, which in turn cause rupturing of RBC cell membrane. 
Malaria staging a comeback— Опсе thought to have been nearly 
eradicated, malaria now threatens 1:9 billion people. In a vast 
resurgence, the disease has infected 400 million people. Both, the 
malaria mosquito and the parasite it carries, are proving that they 
can adapt to the pesticides and drugs meant to eliminate them. 
Resistance to pesticides has been recorded in 84 countries. New - 
chemicals which cost five to twenty times as much as DDT are placing 
intolerable burdens on the health budgets of developing countries. 
An investigation by the Washington-based World Resources Insti- 
tute found that 51 of the 60 malaria-carrying anopheles species exhi- 
bited resistance. It is felt that the Chemical Industry must keep invent- 
ing new insecticides to retain its market. It is hoped a new generation 


- of lower toxicity pesticides called *Pyrethroids" will soon go into 


production. But developing countries do not rely solely on chemical 
and medical solutions. The most important and least practised 
method is community education. School children and village people 
can be shown how to eliminate mosquito-breeding areas. 

Simple measures like filling-in stagnant pools, burning damp wood 
to produce smoke, herding livestock around the village at night for 
the mosquito attack to be diverted and applying traditional repe- 
lants could easily be employed by the villagers themselves. 

The most effective protective measure is to sleep under a mosquito 
net. Most species bite at night. Nets can be made locally and are very 
cheap. If a fraction of the money spent on insecticides were diverted 
to providing nets, the incidence of malaria would shrink dramatically. 

Time and resources devoted to defeating malaria could then be 
switched over to providing clean water. Dirty water contaminated 
with typhoid, polio and dysentery germs is by far a bigger killer. But 
the mosquito continues to draw blood. 

As faras over-use of drugs is concerned, plasmodium has become 
resistant to drugs. Resistance first developed to quinine and now to 
chloroquine, which has been widely over-prescribed. 
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Findings have shown that post-erythrocytic merozoites lodge 
themselves in the liver cells without leading to fresh attacks on the 
red blood corpuscles of the patient as much as three years in case of 
P. Vivax and 10-12 months in P. falciparum. Thus man itself be- 
comes a reservior host of the malarial parasite. A confirmed patient 
of malaria has to be given drugs that not only kill the sehizozoites 
but also the post-erythrocytic merozoites that might have lodged in 
the liver cells. A combination of Chloroquine and Primaquine has been 
found to be effective, the former against schizozoites and- the latter 
against the parasite in the liver of the host. Gamontocides such as 
Daraprim are effective against the gametocytes. Resistance against 
routine drugs mentioned above has been broken by sulpha drugs such 
as Sulphadoxin, Fencidor and  Halofantrine. Halofantrine is an 
anti-malarial drug developed at the Walter Reed Army Institute of 
the U.S.A. It has been found to be effective even against Plasmodium 
falciparum malaria. CIMAP (Central Institute of Medicinal and 
Aromatic Plants, Lucknow) has found a new antimalariai drug Arte- 
misin from a plant Artimisia annus cultivated at Lucknow and Srinagar. 

Control Measures of malaria—The present-day knowledge makes it 
possible to control malaria to a large extent by the following measures :— 

1. Treatment of the patient by the use of anti-malarial drugs des- ' 
cribed before and preventing the spread of infection by isolating the 
patient and putting him inside a mosquito net, so that mosquitoes do 
not bite him and carry the disease. 

2. Prevention of infection by use of mosquito nets and use of 
preventive drugs, e.g., small daily doses of quinine. 

3. Control of the vector—(a) By filling up ditches where mosqui- 
toes breed and by draining swampy places to eliminate breeding 
places; (b) by spraying pond surfaces with oil or insecticides so that 
mosquito larvae may be killed; the control and killing of larvae is 
most important. They can also be destroyed by introducing into ponds 
natural enemies like insectivorous plants as Utricularia and certain 
fishes such as Lebistes and Gambusia, which feed on larvae; and (c) 
spraying of human dwellings with D.D.T. (till new pesticides are 
developed) which remains toxic for several months to mosquitoes 
but not to humans. А 

Monocystis—a monogenetic parasitic protozoan 


Monocystis is the spore-forming Protozoa and leads a parasitic 
life in the seminal vesicles of earthworms such as Pheretima. Several 
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species of monocystis, viz., Monocystis pheretimii, M. bengalenis, M. 
lumbrici and M. magna, may be found in the seminal vesicles of the 
same earthworm. The life-cycle is completed in a single type of host, 
ie. earthworm. Such a cycle is called monogenetic. The reproduc- 
tion is only by means of syngamy. 

Structure—A fully grown up individual or the trophozoite is an 
elongated, somewhat spindle-shaped and flattened cell. It is about 
500,,mlong and 40,,m broad. At the anterior efid and on one side is a 
small pointed rose thorn-like pellicular process called mucron, which is 
supposed to help in locomotion, acting like an adhesive organ. The 
nucleus lies usually near the end having a firm nuclear membrane and 
a large chromatin body called carysome. Extra-nuclear protoplasm is 
differentiated into a thin hyaline cortical layer or cortex and a dense 
granular medulla. Cortex is believed to be four-layered, the outer- 
most being a close-fitting dead nitrogenous membrane called cuticle. 
Cuticle of monocystis has distinct longitudinal ridges or striae. Next 
to cuticle is a thin layer of mucus that oozes out over the surface 
through small poresin tbe cuticle. Third layer is the ectoplasm followed 


Fig. 196 Monocystis—the trophozoitc. 


by the fourth layer of a fine sheet of contractile myoneme fibrils or 
myocytes. Myonemes run longitudinally as well as transversely. 
The dense endoplasm carries many types of inclusions, chiefly 
granules of a reserved food material called paraglycogen or zoomylum 
or paramylon, protein and volutin granules and fat spheres. 4 
Physiology—A parasitic life and living in a nutritive medium does | 
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not require organelles of locomotion and ingestion. Therefore, mono- 
cystis has neither flagella nor pseudopodia. The animal wriggles about 
like a worm with the help of myoneme fibrils of the cortex and elastic 
cuticle. Slow waves of contraction pass lengitudinally and transver- 
sely causing lengthening, shortening, curling and twisting of the body, 
at the same time bringing about metabolic movement. 

Nutrition is of the saprozoic or osmotrophic type; protein-rich 
seminal fluid in the seminal vesicles of the earthworm is absorbed from 
the general surface. Food is reserved in the form of paraglycogen 
bodies. Young trophozoites soon grow on reserve food material.and 
start to reproduce. 

Reproduction and Life-cycle—Fully grown up trophozoites becoine 
gamonts or gametocytes without fission. Gamonts do not show mor- 
phological differences, but two of them join along their sides by sticky 
secretions covering their bodies as if going to pair; such false pairing 
is called syzygy. Gamonts shrink, becoming more or less ovoid and 
secrete a double-walled gamocyst around them. Outer wall, the 
epicyst, secreted first is rough, thicker and more resistant than the endo- 
cyst secreted later. Since the gametocytes do not fuse but are only 
associated together, the cyst is commonly called an association cyst. 
Gamonts shrink further excluding some of their fluid, the cystic fluid, 
that fills the narrow space between the gamonts and the endocyst. 

Gamonts produce gametes by multiple fission within the cyst. 
Caryosome breaks up and eventually disappears, the nucleus divides 
mitotically and repeatedly to produce a number of daughter nuclei 
(about 64). The last division of the nuclei is a reduction division so 
that the gametes are haploid. Daughter nuclei arrange themselves 
along the periphery of the gamonts, which still maintain their identity. 
Cytoplasm gathers around each nucleus forming as many gametes. 
Gametes project in the cystic fluid. In several species, the gametes 
are more or less rounded and similar (isogamous) ; in others, such as 
М. lumbrici, they are morphologically and physiologically dissimilar 
(anisogamous). Rounded and more superficially placed gametes in this 
Species are macrogametes or females, the long pear-shaped gametes 
are microgametes or males. Microgametes of М. mrazeki are even fia- 
gellated. The species common in Indian earthworms are isogamous. 

Gamonts now lose their identity and gametes of the two are set 
free to move about and form pairs. Normally, the gametes of the 
same gamont do not form pairs. Pairs of gametes fuse to form zygotes 
Or sporonts. Fusion is complete, nuclei as well as the cytoplasm fuse 
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(syngamy). Zygotes іе in the residual protoplasm, which is always left in 
the gamocyst, containing some abortive nuclei and paraglycogen bodies. 

Zygote, soon afterwards, secretes a chitinoid skeletal membrane 
around it to become a spore. This membrane gradually hardens and 
becomes a resistant sporocyst or spore-case. The spore is not set free 
and, while still within the sporocyst, it produces a new generation of 
sporozoites or falciform youngs, such a spore is known as a sporoblast. 
The nucleus of the zygote divides thrice producing eight nuclei (2 x 2 x 2) 
each of which is surrounded by some cytoplasm taking the form of 
sickleshaped body, the sporozoite. No further development takes 
place in the host and the sporozoites remain within the sporocyst, which 


GAMONTS 


~~ 


ZYGOTES 


Fig. 197 Life-cycle of Monocystis. 
acquires a typical boat-shape resembling a diatom called Navicella, 
hence the spore is called a pseudonavicella. The spore has mucoid 
plugs at both ends. The gamocyst now bursts to liberate hundreds of 
pseudonavicellae in the seminal fluid of the earthworm. 
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By several possible ways, which shall be taken up presently, 
pseudonavicellae reach the alimentary canal of another earthworm. 
Sporocyst is dissolved away in the stomach of the new earthworm by 
the action of digestive juices and before the digestive juices can affect 
the sporozoites, the latter escape into the intestine. A sporozoite 
actively bores through the thin intestinal wall of the host to come into 
the surrounding coelomic fluid, then it bores through the walls of the 
seminal vesicles and testis sacs and finally penetrates a bundle of 
sperm-mother cells in the testis, forming a sperm morula. - Sporozoite 
draws its nourishment from the cells of the sperm morula,: some of 
the diffused fluid collects around the sporozoite in the form of a sheath 
called sporophore. In this condition, the sporozoite actively grows 
into a young trophozoite at the expense of the spernr-mother cells 
surrounding it, the latter are never ingested; instead, enzymes diffuse 
out of the young trophozoite, dissolve the contents of the sperm- 
mother cells, the dissolved food is absorbed back. During growth, the 
young trophozoite migrates to seminal vesicle. The sperm-mother 
cells gradually shrink and at the same time are transformed into tailed 
sperms. Quite a large number of sperm-tails remain attached to the 
surface of a young trophozoite for some time but are finally dropped. 


Some of the young trophozoites may pass into the vasa deferentia 


through the spermiducal funnels. 

Transmission to a new host—There are several possible ways :— 

(1) Gamete formation in Monocystis takes place during the breed- 
ing period of the earthworms, spores liberated into the seminal fluid 
are believed to be transferred into the new host with the sperms during 
copulation, but spores have never been seen in the spermathecae or 
cocoons of earthworms. 

(2) Many worms die, all organs decompose but the sporocysts 
escape decomposition. Another earthworm feeding upon earth con- 
taminated with pseudonavicellae gets the infection. 

(3) Some birds such as crows and kites pick up worms in the cu 
morning, the worms are digested but resistant sporocysts escape with 
their faeces unaffected. Earthworms are likely to feed upon earth 
soiled with such faeces. 

Paramecium caudatum 
(a free-living large protozoan) 

Paramecium is also called a slipper-animalcule because its shape 
is like the sole of a slipper. It is of cosmopolitan distribution being 
found in isolated bodies of fresh water having some decaying organic 
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matter. It is also found in the sewage water, rice fields and in 
decaying organic matter. It is 180#m to 300¢m long and 45pm to 
75um wide. The anterior end is blunt but the posterior end is more 
pointed, and it is broadest. in the posterior half. 

The body is covered by a. thin elastic pellicle which is a double 
membrane; it maintains the shape of the animal. The pellicle has 
ridges forming. hexagonal areas on the surface. From the centre 
Of each hexagon projects a thin cillum. A cilium has an outer proto- 
plasmic sheath and a central axial filament of two longitudinel fibrils, 
"around which there are nine double longitudinal fibrils in a ring. Cilia 
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Fig. 198 Paramecium caudatum (ventral view). 


are used for locomotion and food collection. Al cilia are equal-sized, 
except those of the posterior end, which are longer. Each cilium arises. 
from a hasal M granulo or Kinetosome. Cilia occur in longitudinal rows 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 
a 


PROTOZOA 297 


on the entire body. Beneath the pellicle is peripheral ectoplasm or, 
cortex which is clear, dense and firm; below the ectoplasm is a. semi- 
fluid, granular endoplasm or medulla having fat and glycogen. In the 
ectoplasm are thousands of tiny spindle-shaped trichocysts lying per- 
pendicular to the surface; each is enclosed in a membrane and opens 
by a minute pore on the ridge of a hexagon of the pellicle. Trichocysts 
arise in the endoplasm 
from basal granules, of 
cilia, then migrate and fix 
themselves in the cortex at 
equal distances from one —"P'CHgErs" 
another. They have an 
oval body with a spike-like 
"сар at the pointed tip, and 
are filled with a swelling BASAL 
substance. When the ani- "2-85 
mal is irritated, the proto- З ә 4 
plasm surrounding the Fig. 199 Surface of pellicle. 
trichocysts suddenly contracts, the caps of trichocysts are lifted and 
water fills in. The swelling substance expands and is discharged 
as long sticky threads which serve as organs of defence. The dis- 
charged trichocyst has a long banded or striped shaft with the spike- 
like cap at its tip. A few trichocysts are also discharged to tempo- 
rarily anchor the animal at one place during feeding or they аге dis- 
SEPT TEL NPS Or рот ПУЗ charged as a reac- 
PELLICLE RIDGE TRICHOCYST fion to injury. Dis- 
BASAL GRANULE' ЕССЕ charge of trichocysts 
can be demonstrated 
thus : take a drop of 
paramoecium culture 
on a slide, or a sam- 
ple of pond water 
making sure that the 
drop you take on the 
slide contains afew - 


RIDGE О 
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Э placing a piece of blotting paper on the side opposite to acid or ink. 
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In a few minutes paramoecia will slow down and discharge their tri- ' 
chocysts, appearing as long threads all over their bodies. 
When seen from the ventral side there is a large oral groove or 
5 peristome extending from-the right anterior end to the middle of the 
cell. The oral groove leads into a short depression called vestibule. 
The > vestibule leads. into. a cylindrical buccal. cavity, extending back 
to about the posterior third of the body. The buccal cavity leads 
into a small cytopharynx. Between the buccal cavity and cyto- 
pharynx is a mouth or cytostome. “In the oral groove and: buccal 
cavity are rows. of long cilia which are concerned with feeding and 
passage of food; these cilia form an endoral membrane, a pen 
niculus and a -quadrulus. The endoral membrane or undulating 
membrane is a single row of fused cilia lying at the junction 
of the “vestibule : and buccal cavity. - The endoral membrane rejects 
unsuitable particles of food düring feeding. The penniculus has several 
rows of heavy cilia lying in the buccal cavity. The quadrulus has four 
rows of long cilia forming a spiral in the wall of the buccal cavity. 
Projecting backwards from the end of the cytopharynx into the 
endoplasm are long cilia called post-buccal fibres or endoral fibrils. 
The е суїорВагупх. ..as no сШа. Іп the. endoplasm i is a massive 
macronucleus, close to which is а small compact micronucleus... The 
“macronucleus contains. trophochromatin . (mostly RNA) which controls 
the the feeding : and vegetative functions of the animal. The micronucleus 
has idi has idiochrom iochromatin (mostly DNA) which controls reproduction. · In fact, 
"there is not much difference between the two ‘types of chromatins. 
Between the ectoplasm and the endoplasm, near each end, towards 
the dorsal surface, is a large contractile vacuole; the position of 
contractile vacuoles is definite but they are temporary structures. 
Around each vacuole are 6 to 10 radiating canals in the endoplasm;: 
they are permanent and take. up. liquid waste and transfer.it to the 
‘vacuole "which thus Brows in size, and finally discharges its contents 
io the outside through a permanent pore, which has a fixed position 
but is invisible except at the moment of discharge. The canals become 
large during the systole of the vacuole, then they empty into the vacuole ' 
- and become small. The enlarged vacuole contracts or undergoes dia- 
stole to discharge through the pore. The posterior vacuole contracts at 
a slightly greater frequency than the anterior. The yacuoles are excre- 
tory; they remove е urates, ammonium compoünds | and ind CO;, but their 
primary primary function.is is hydrostatic. а: and theyr remove an excess cess of ‘water from 
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-the animal, the water enters continuously through the surface pellicle 
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and also a lot of it is taken in with the food current in feeding: There - 
. їз an anus or cytopyge which has a fixed position on one side, a little 


posterior to the cytostome. Tn the endoplasm are. many food 


- vacuoles. 


Locomotion—Because of the elastic pellice, Paramecium can squeeze 


itself through a space narrower than itself, after which the body assumes | 


its normal shape. These contractions are X 
caused by protoplasm. Locomotion. is brou- Т Ё 
ght about by cilia which. first. bend like a 
bow with a slight _ ‘spiral twist, then. they 
straighten out again. They сап. bend either 
forward or backward. Waves of contraction 
and bending of cilia pass from one end to the 
other, so that cilia of the same transverse 
row bend together, and those of the same. 
longitudinal row bend one after the other. 
This co-ordinated movement of cilia і is called. 
forward or backward locomotion “in water. 
But the Jonger cilia of the oral groove beat 
more vigorously than the body cilia, this 
causes the animal to rotate on its longitudinal 
axis, and its anterior end rolls to theleft. The 
combination of forward motion, rotation and 
rolling makes the animal move in a spiral 
path which is counter-clockwise, but the spiral 
rotating path has a straight axis and the same 
surface of the animal faces the axis. 
¢Nutrition—The food of Paramecium.con- 
sists chiefly of bacteria.. The animal actively 
hunts for food. and it. quietens down when 
it enters a region of abundant food. The, 


beating of cilia of the oral groove and d Бобу Fig. 0. теа. үш 


cause a current of. food-laden wi water to be meu Robo 
funelled into the | oral _groove_ > and ~ buccal хока on the E 
cavity, and. [ through th the cytostome into the gros. by aie 


cytopharynx by the x by the penniculus г and quadrulus. of oral groove. 

The food. collects in a vacuole atthe end of the cytopharynx, the 
vacuole grows, and when it reaches a maximum size, it is pinched off 
from the end of the cytopharynx. The pinching. off of the food 
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vacuole is probably brought about by post-buccal fibres or endoral 
fibrils which are contractile threads in the endoplasm at the end of 
the cytopharynx. The food vacuole is a drop of water containing 
food particles. 

Cyclosis— Rotary streaming movements of endoplasm called cyclo- 
sis carry the successive food vacuoles on their course. This course 
TE or path of food vacuoles is functionally 
equivalent to a digestive tract. The succes- 
sive food vacuoles pass rapidly on a fixed 
À course towards the posterior end, then 
И they pass slowly on а course which varies. 
IR MA From the posterior end the vacuoles pass 
' forwards along the dorsal surface to the 
anterior end, then they pass downwards 
towards the cytopyge. The food vacuoles 
undergo changes in size and appearance 
of the contained food. The endoplasm 
secretes enzymes into the vacuoles which 
digest proteins and carbohydrates. At first 
digestion occurs in an acidic medium, 
but later on the contents of vacuoles 
become alkaline. Undigested matter is 
egested through the cy ‘cytopyge. If milk 
‘stained with Congo red is fed to Para- 
mecia, the droplets of fat in food vacuoles 
Fig. 202  Gyclosis—showing first turn red. due to acidic action, then 

path of food vacuoles and they change to shades of purple and finally 

changes in colour of milk become blue due to alkaline reaction. 

stained with Congo red. Reproduction—Paramecium normally 
reproduces by binary fission; but, at intervals, two individuals conju- 
gate and then undergo cell division. 

Binary fission—The body becomes like a spindle. The micro- 
nucleus moves from its position and undergoes an elongated type | of 
mitotic division inside the nuclear membrane to. form two micronuclei- 


шыш. The oral groove disappears and a new oral 1 groove і is 
ormed in each “half, but the Cytopharynx - and its "penniculus ar are 
preme Py. the anterior half and | a new Otopharynx and 2 pes 
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anterior end and another one is formed below the middle line. A 
constriction appears tran- MACRONUCLEUS 

sversely in the middle of | 
the cell which deepens to 
divide the cell into two 
daughter cells. Тһе dáu- 1 
ghter cells are not like the 
parent in shape, but they 
separate and grow to 
become like the parent. 
Binary fission is comple- 
ted in about thirty minutes ORAL GROOVE 
and it is repeated two or DISAPPEARING, 
three times every 24 
hours; it may continue 3 
for months producing NS 
many generations. But M QRAL GROOVE 
after a time binary fission ORAL ROO ЕНЕ ҮҮ, 


I^ICRONUCLEUS 
CONTRACTILE VACUOLH 


ORAL GROOVE 


CUOLES 
slows down and the des- A. x 
cendants will die out eo SKI ^" —> 
„ Со ? Г) 


unless they can be reju- 
venated by conjugation. 

-~Conjugation—There are DAUGHTER CELLS 
only six species known of 
Paramecium which con- 
jugate, but the others 
do not. Conjugation is a Fig. 203 Binary fission in Paramecium. 
temporary union of two individuals for an exchange of nuclear material, 
and it occurs after about 200 asexual generations produced by binary 
fission, i.e, it alternates with binary fission at long intervals. 
‘Paramecium caudatum has five ‘sexually’ different classes or varieties, 
which look alike but are probably different physiologically. Members 
of one variety of P. саийаішт will not. conjugate with members. of the 
other four varieties. Each variety is made up of two mating types. 
In P. aurella, there are eight varieties, each with two mating types. 
‘Animals belonging to any mating type will not conjugate with mem- 
bers of their own mating type, but they will conjugate only with the 
second mating type of their own variety. Paramecia. of conjugating 
` varieties will die if not allowed to conjugate. Conjugation begins by 
"adhesion of mating types of the same variety, adhesion is caused by а 

substance produced by cilia on the surface of the animals, 
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In conjugation, Paramecium caudatum of two mating types of the 
same variety come together by their ventral surfaces; the pellicle and 
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Fig. 204 Conjugation in Paramecium caudatum. 
ectoplasm break down, and an endoplasmic bridge is formed bet- 
ween the two individuals (Fig. 204). The micronucleus of each move? 
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away and divides mitotically into two. The macronucleus.begins. to 
break into fragments and it will finally disappear completely, being 
absorbed in the protoplasm. The two micronuclei of each cell 
divide again to form four micronuclei; three of these degenerate 
and only one remains in each. The remaining micronucleus of 
each conjugant divides into two unequal parts forming a large 
stationary and’ passive macronucleus or female pronucleus, and a 
small active and migratory micronucleus or male pronucleus, The 
male pronucleus of each crosses over the .endoplasmic bridge and 
fuses with the female pronucleus of the other conjugant to. form 
a conjugation nucleus or synkaryon, This process has been com- 
pared with fertilization in higher animals, but here there is a fusion of 
nuclei only and not of the conjugants. The he conjugants now separate. 
“The synkaryon of each ex-conjugant divides three | times, i: €: 2Х2х2 
to form eight micronuclei. Four of” these “micronuclei cing to 
become macronuclei, and of the other. four ‘micronuclei t three dis- 
appear. The remaining micronucleus divides into two. At the same 
time the ex-conjugant divides by binary fission into two cells, each 
teceiving two macronuclei and one micronucleus (Fig. 204). In each 
of the two cells thus formed, the micronucleus divides again, and the 
cells divide into two each by binary fission. Thus four cells ar аге: 
produced from each ex-conjugant, each having one пе micronucleus cleus and 
one macronucleus. 

Significance of conjugation—1. Conjugation serves as a process 
of rejuvenation and reorganization by which the vitality of the race 
is restored. 

2. There is no distinction of sex in the conjugants, though indivi- 
duals of one mating type will conjugate only with the second mating 
types of their own variety. 

3. Although there is no distinction of sex, yet the active migra- 
tory micronucleus is regarded as the male and the passive stationary 
macronucleus as the female. 

4. Conjugation is only a temporary union; there is no fusion of 
protoplasm and no zygote is formed. 

5. Conjugation brings about a replacement of the macronucleus 
and its trophochromatin (mostly RNA) by material from the micro- 
nucleus and its idiochromatin (mostly DNA). 

Genetics of Paramoeciun—Our knowledge of the genetics of 
Paramoecium is due mainly to Jennings, Jollas and Sonneborn and 
his fellow workers (1947). Sonneborn discovered that certain strains 
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of Paramoecium aurelia, which he called ‘killers’, put out in teh 
medium in which they live a poison which kills other strains of para- 
moecia, which he named ‘sensitives’, Killers are resistant to their 
own poison, which he called paramecin. Killing takes place slowly, 
the ‘sensitives’ taking about two days to die. In nature, the poison 
relased by killers is too much diluted and has no effect on sensitives. 


Conjugation between killers and sensitives is possible. The reason 
is that the killer-factor is located in the cytoplasm, and in conjugation 
the exchange between partners is of the nuclear material; however, 
in prolonged conjugation exchange of cytoplasm takes place, and the 
killer-factor gets carried in the sensitive, which then produces a *'killer 
culture". 

Killers always have in their nucleus a dominant gene K, either 
in homozygous or heterozygous condition. If the allele k is sub- 
stituted for K, the killer capacity, originally present, is gradually lost 
and the resulting paramoecia become sensitives and breed sensitives. 
Once the killing capacity has been lost, it cannot be restored by 
bringing K. Sensitives, therefore, may have K or k in their nucleus 

and while K is necessary for maintaining the capacity to kill, it cannot 
initiate; killer factor is sensitive to high temperatures because culturing 


' killers at 38°5°C for 36 hours or more transforms them to sensitives. 


Pear found that only killers, and not the sensitives, have in their 
cytoplasm small cigar-shaped bodies, 0:2-0:8 long. They were named 
“Карра particles? and were the source of poison paramecin. Карра 
particles differ in size and the paramecin produced by them in different 
stocks of killers has varied and specific effect upon sensitives. One 
of the most constant early effects is a reversal in the direction of 
spiralling; normal spiralling is towards left, but under the influence 
of paramecin it becomes towards the right. Often, paramecin leads 
to complete paralysis of locomotory and feeding system and the para- 
moecia die of starvation; in others vacuoles develop in large numbers 
causing swelling and bursting of the body. 

Nature of Kappa particles remained a disputed matter for a long 
time. We have to remain contended by regarding them as cyto- 
plasmic genes (plasma genes) 

Mutant varieties of Kappa particles have been identified and 
established. A. variety of Kappa particles designated as Pi—do not 
put out many toxic substance, Mu variety produce killing substance, 
and Lambda particles in killers cause sensitives to lyse or burst. 
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Parasitic Protozoa 
Human beings have more than two dozen different species of 
Protozoa as parasites, most of them are comparatively harmless but 
some cause diseases which may even prove fatal. Protozoa are 
parasitic in the human alimentary canal, blood, or tissues of the body. 
Some of the important disease-producing Protozoa parasitic in 
human beings are Plasmodium, Entamoeba, Trypanosoma, Leishmania 


and Balantidium. ° 


1. Entamoeba 

Entamoeba has several species parasitic in man. They resemble, an 
Amoeba but are characterized by a few pseudopodia, and the absence 
of a contractile vacuole. 


(a) Entamoeba gingivalis 
(12-20um) inhabits the 
mouth; it has clear cyto- 
plasm with fluid-filled food 
vacuoles. Pseudopodia are 
a few, short, broad and 
round. It produces pus in 
the membranes of teeth and 
gums and often aggravates _ 
already present pyorrhoea. 
а tN ОЦИ { Infection is direct through 

saliva or through kissing. 
Fig. 205 Entamoeba gingivalis. No cysts are product. 


(b) Entamoeba coli is a common cosmopolitan parasite in the upper 
part of the large intestine. It is large-sized (15-30/m) with very little 
ectoplasm; there are a : 
number of food vacuo- 
les, and a large round 
nucleus. It is compara- NucLEUS 
tively harmless and may 
even be beneficial, since 
it feeds on bacteria. 
Transmission is through 
cysts. The encysted 
amoebae have eight nu- О: 
clei each. No further Fig. 206 Entamoeba coli. 
nuclear division takes 
Place. Each cyst thus produces eight young trophozoites. 

A.B.—21 


FOOD 
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(c) Entamoeba dysenteriae = histolytica discovered by Losch (1875) 
in Russia is a parasite in the colon part of large intestine of man and 
has a world-wide distribution. The fully grown form (trophozoite)is | 
more or less rounded and about 304m in diameter. It has outer clear | 
ectoplasm and inner granular endoplasm with a large round nucleus. | 
The advancing end consists of a single blunt pseudopodium. It ingests | 
red blood corpuscles which шау be seen in the endoplasm num- 
bering up to ten or more. It also feeds on tissu» cells of the intestine. | 
In heavy infection by the dysentery-amoeba, the intestinal mucosa 

and submucosa are dissolved away by the enzymes of the parasite. | 
Small nodules are formed on the wall of the large intestine. The | 
nodules let out large amounts of mucus and blood in acute cases. 
Faeces then become loose and slimy leading to amoebic dysentery | 
or amoebiasis. | 
In chronic amoebiasis, the parasites bore into the mesenteric blood | 
vessels of the large intestine and are carried to the liver. While in the | 
liver, the parasites cause serious damage to the capillary walls and | 
produce abscesses. Such abscesses become infected by bacteria lead- 
ing to more complications. e: 
Often, the parasites in the intestinal submucosa invade the muscular 
coats of the intestine, boring their way out into the peritoneal cavity. 
Such perforations in the peritoneal cavity have serious consequences. 
Reproduction is chiefly by binary fission. After several rounds of 
binary fission, encystment takes place. Entamoebae preparing for 
encystment are smaller than the normal trophozoites. These precystic 
forms called “minuta forms” are 12—15 ир in diameter. They store 
plenty of food reserves before secreting a cyst. Cysts pass out of the 
hosts’ body with the faeces. While on their way out of host’s intestine 
the nucleus divides twice within the cypt to produce quadrinucleate 


A 


uh 3 CHROMATOID ` 
| NUCLEUS BODY 


Fig.207 A. Entamocba dysenleriae trophozoite В. quadrinucleate stage: 
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condition. Such quadrinucleated and encysted amoebae pass out with 
the faeces of the host. The cysts are capable of infecting fresh hosts 
for 3 months. The infective cysts may reach man through house-flies 
which pick up cysts on their legs and wings and drop them on food. 
Water-flies may similarly drop cysts in drinking water. Human soil 
is used as manure in the fields, the cysts may thus contaminate veget- 
ables and roots and finally reach the man. 

The infective cysts, containing metacystic entamoebae upon reach- 
ing a fresh host, go unharmed through the stomach. However, after 
an acid bath in the stomach and an alkali bath in the intestine, the 
intestinal enzymes succeed in dissolving the cyst wall. In the mean- 
time the nuclei divide again forming 6-8 nuclei. Protoplasm surrounds 
each nucleus giving rise to six to eight entamoebae which grow into 
trophozoites. 

Three groups of drugs are used in the treatment of amoebic dysen- 
tery—Emetin, iodine compounds like Vioform, and arsenic compounds 
like Carbarsone. Tinidafyl-plus and Tinilox-MPS (tinidazoie, diloxa- 
mide furate and methylpolysiloxane) are quite effective for complete 
eradication of amoebiasis. Entobex (Ciba) and Diogyl (Searle) are other 
common drugs. 


2. Trypanosoma 


Trypanosomes are parasites in the blood, lymph, and tissues of 
many vertebrates of all groups. The adult form or trypanosome pro- 
per has a fusiform body pointed at both ends and covered by a firm 
Pellicle. Arising from the hinder end is a long thread-like axoneme 
which is continued along and beyond the body as a flagellum. The 
axoneme is joined to the cell by an undulating membrane "which 
is formed by the cytoplasm. There is a large nucleus in the middle 
of the cell and it is trophic. The chromatin of the nucleus forms a 

“round mass, the endosome. At the base of the flagellum is a granule 
called blepharoplast or basal granule and close to it is a parabasal 
body or kinetonucleus; it is derived from the nucleus and controls 
the movements of the flagellum. Тһе blepharoplast and parabasal 
body are together called kinetoplast. A fine thread, . the rhizoplast, 
Connects the blepharoplast with the parabasal body and the nucleus. 
Many species have deep staining granules in the cytoplasm called 
metachromatic granules, they are reserve.food material. The trypa- 
nosomes swim freely in plasma by wriggling of the body and 
also by movements of the undulating membrane and flagellum. 
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Trypanosoma exists in different polymorphic forms during its 
life-history; there may be four morphological types:— 

(а) Trypanosome—It may be regarded“as the adult in which the 
kinetoplast lies towards 
the posterior end and the 
flagellum is attached to 
the body for most of its 
length. : 

(b) Crithidia—The ki- 
netoplast lies just anterior 
to the nucleus and flagel- 
lum is connected only to 
the front half of the 
body. 

(c) Leptomonas—The 
kinetoplast lies at the АХОМЕМЕ [) 
anterior end from where | 
a flagellum arises and is 
unconnected to the body, 
pee ane no undulating ENANS 

(d) Leishmania—The METACHROMATIC 
shape is round and it ` ^ i$, 
has a kinetoplast and 
rhizoplast but no flage- 


NUCLEUS © 


ENDOSOME 


RHIZOPLAST 


Пат. All four forms "s 
may be found during aetna 
the life-cycle spent in the 

body of a secondary host Fig. 208 Trypanosoma gambiense. [| 


which is an insect. But only the trypanosome and leishmania types occur | 


in the blood of vertebrates. Reproduction occurs by longitudinal 
binary fission. The blepharoplast and parabasal body divide into two, 
then the nucleus divides. A longitudinal division of the cell occuts 


and the flagellum passes to one half, the other half forms a new flagel- — 
lum, then the cell separates into two parts. British and Swiss - 
scientists have reported (Nature, London) that stages in the body of { 
tsetse fly show genetic exchange suggesting sexual reproduction 10 - 


trypanosomes. 


Pathogenic Trypanosomes—Trypanoscmes are on the whole - 
harmless to their natural vertebrate hosts, but they are harmful to © 
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man and domestic animals because they are not adapted to the 
parasites, since they have been infected comparatively recently. Three 
species are parasitic in man—TZrypanosoma gambiense, T. rhodesiense 
and 7. cruzi. The two 
former ones cause the 
dreaded sleeping sickness 
in man in Africa. They 
(о) аге found in the blood 
of antelopes from where 
LeisHmania еу. are transmitted to 
human beings by tsetse 
flies, Glossina palpalis er 


FEPTPMONAS TRYPANOSOMA G. morsitans. The parasite 
CRITHIDIA causes trypanosome fever 

Fig. 209 Various forms in the life-history and on entry of the parasite 

ef Trypanosoma. into the cerebrospinal fluid 


sleeping sickness results which proves fatal. (The “American sleeping 
Sickness" er Encephalitis should not be confused with trypanosome 
sleeping sickness, as the former is caused by a virus.) Trypanosoma 
cruziis parasitic in many mammals of South America and Central 
America, and it is transmitted to humans by bugs like Triatoma megista 
and it eauses Chagas disease characterised by fever, enlarged glands, - 
anaemia and disturbances of the nervous system. In domestic animals, 
Trypanosoma brucei causes nagana in Africa, and 7. evansi causes surra 
in horses and cattle. The vectors are blood-sucking flies. 


3. Leishmania: ` 

Leishmania is like trypanosomes 
but it may have either leishmania or 
leptomenas form; it is a parasite in 
human blood and some other organs. 

Leishmania donovani:causes Kala- 
azar in human beings mostly in 
Bihar, Bengal and Assam, China and 
the Sudan. The parasite attacks the 
endothelial cells of blood vessels 
and lymphatics and is also found in 
spleen, liver, and bone marrow. Kala- 
azar causes fever, enlargement of the 
spleen and liver and rheumatic pains; 
it causes many deaths in epidemic Fig. 210 Leishmania donovani. 


- 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


MUR Жу Sane eee eee s 


SERES M. 


310 ANIMAL BIOLOGY 


form. The vectors are various sand-flies belonging to genus Phlebotomus. 
Leishmania tropica is parasitic in human skin causing oriental sores 
in the tropics; the sores cause ulcerating wounds with raised edges. 
The vector is a sand-fly of the genus Phlebotomus. 
4. Balantidium 
This is a ciliate parasite in the large intestine of man, monkeys 
and pigs. It is egg-shaped, pointed at the anterior end and rounded 
posteriorly. Body is covered with rows of small equal-sized cilia. 
At the anterior end is a groove, the peristome, bearing short adoral 
cilia. Peristome leads through a mouth into a short cytopharynx. 
There are two nuclei, a large sausage-shaped macronucleus lying 
obliquely and near it is a small micronucleus. There are two con- 
tractile vacuoles—one in the middle and the other towards the 
posterior end. There are several food vacuoles and a permanent 
cytoproct (anus) posteriorly. Reproduction occurs by a transverse 
binary fission, and occasionally conjugation of two balantidia occurs 
followed by nuclear reorganization and binary fission. Balantidium also 
forms thick-walled cyst, but no multiplication takes place in the cyst. 


PERISTOME 


NN CONTRACTILE 
VACUOLE 


A. 


SO adu 


CYTOPROCT 
Fig. 211 Balantidium coli. 
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In man, Balantidium causes ulceration of the large intestine which 
may cause haemorrhage, but usually it causes diarrhoea which may 
become chronic. Balantidium coracoides is found in frogs and toads. 
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Questions 


From where would you collect specimens of Amoeba, Mono- 
cystis and Paramoecium? 

How can you cultivate amoebae in the laboratory? ; 
What is the food of amoeba? In what way does amoeba 
take liquid foods? 

What for are the lysosomes and mitochondria in amoeba? 
Why should there be a crowd of mitochondria around the con- 
tractile vacuole of amoeba? 

What are the organelles meant for ciliary and amoeboid move- 
ments? 

By which special method can an amoeba ingest an algal fila- 
ment? 

When, where and how are cysts formed in the life of amoeba? 
Which mosquito is responsible for the spread of malaria in 
“man? How will you identify it from other household mos- 
quitoes ? 


. Differentiate between : 


Spore, sporozoite, sporogony, sporoblast, sporocyst, sporo- 
phore, and sporont. 


Pinpoint the locations of : 


oocyst, schizont, macrogamete, sporozoites: and sporoblasts 
in the life of a malarial parasite. 
_Name the common species of Plasmodium and the type of fever 
“caused by each. 
. Make a list of antimalarial drugs you know. 
“Why i is Plasmodium said to be digenetic and Monocystis mono: 
genetic? 

at are the modes of infection by Malarial parasite, Mono- 

cystis, Dysentery amoeba and Trypanosoma? 
„Но is a meganucleus renewed in the subsequent generations. 
of Paramoecium? 
Make a list of pathogenic protozoa you know. Write the disea-- 
ses caused by them and the treatment, if any. . 
Gamonts do not produce gametes in the blood of man because— 
(a) they do not get the right nourishment, 
(b) they do not get the right temperature*, 
(c) they do not get the right vector. 
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„19.- Describe schizogonous cycles of Plasmodium. З | 
.20. How does gamogony finally result in the formation of sporo- | 
——  zoites of Plasmodium? 
21. With some examples describe the fact that Protozoa, too, can | 
cause serious diseases. | 
22. Which of these carry the life-cycle in a female Anopheles— | 
мее sporozoites/merozoites/schizonts/gametocytes*/. | 
23. The stage of dysentery amoeba infections to man is— | 
(а) precystic form, в | 
(b) quadrinucleated cysts*, | 
, (с) metacystic stage amoebulae. | 
24./ Male Anopheles mosquito is useless for the life-history of Plas- | 
ү modium because— 
(a) Plasmodium cannot develop in its body, 
(b) it cannot feed on human blood*, 
(c) it has no salivary glands. 
25. Tsetse fly is the vector of— 
Plasmodium | Entamoeba | Trypanosoma* | Leishmania. 
4 Schuffner's dots are found in— 
the liver cells of Man/ Paramoecium | the RBC infected by 
Plasmodium* | gamonts of Plasmodium. 
27. What is the zoological name of the vector of Trypanosoma 


gambiense ? 

‘28. Name a symbiotic protozoan in the intestine of termites 
(Trichonympha). 

29. If the contractile vacuole stops functioning for 2 hours, the 
amoeba will— | 


(a) produce а new contractile vacuole, 
(b) swell up and burst. 
(c) develop toxicity and die. 
(d) stop taking water through the cell membrane and die*. 

30. Amoeba is holophytic / holozoic*/ saprozoic. 

31. Differentiate between tertiana duplex and quartana triplex. 

32/ Encysted zygote of Plasmodium is called : oocyst* / sporocyst / 
ookinete / sporoblast. (CPMT-1985) 

337 The malarial parasite was discovered by: Ronald Коз] 
Haldane / Losch / Laveran* (CPMT-1986) 

34 Malignant malaria is caused by: P. vivax [ P. ovale / P. falci- 
parum* / P. malariae. (CPMT-1986) : 

35. Entamoeba histolytica is an internal parasite in the human.: 
duodenum | ileum / colon* / rectum. (CPMT-1985) 

A Infective stage of Plasmodium in man is : schizont / merozoite | 
sporozoite*/ trophozoite. (CPMT-1988) 


| 
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Sir Ronald Ross discovered that Malaria is 
(a) caused by protozoan parasite/ 

(b) foul air 

(c) four species of Plasmodium 


. (d) transmitted by Anopheles*. (РМТ—1990) 


Cyst formation in amoeba follows: sexual union/ precedes 
sexual union/ occurs in adverse conditions*/ does not take place. 


. (PMT—1990) 


In malaria infection lysolecithin that destroys RBC is secreted : 


‚ Бу: liver/ Plasmodium/ spleen*/ WBC. (PMT—1990) 


Which of these causes quartan malaria: Plasmodium vivax/ 
P. malariae*/ P. falciparum/ P. ovale. (PMT—1990) 

Malaria fever is caused by a toxic substance released by its 
pathogen. This substance is : haemocyanin/ haemozoin* / 
haemoglobin / haemocruorin. (РМТ-1991) 


CHAPTER 1 © 


€ 
PORIFERA-the pore-bearers 

Phylum Porifera includes the sponges. It is rather difficult to 
think of sponges as animals. They are the most primitive of multi- 
cellular animals with a low grade of organization because their 
cells do not form tissues. The cells show some differentiation and 
form loose aggregations, but the cells act somewhat independently 
of each other. Sponges may be cylindrical or vase-like with radial 
symmetry, but most sponges are irregular in shape and without 
a symmetry. Sponges are fixed to some submerged object in 
water. They are mostly marine, only one family being found in 
fresh water. Spongilla is the common fresh water sponge of India; 
it is quite common in large ponds, tanks and lakes of Uttar Pradesh, 
Punjab and Delhi. The body of a sponge is perforated by numerous 
pores (hence the name Porifera); inside the body there may be a 
single large cavity or numerous channels, spaces, and canals. Mouth, 
alimentery canal, and nervous system are absent. Most sponges 
have an internal skeleton made of separate calcareous or siliceous 
spicules, or of organic iodine-bound fibres called spongin or of both; 
some are devoid of a skeleton. Because of their endoskeleton, spon- 
ges are not eaten by most animals. No sponge is parasitic. Quite 
often other groups of animals such as crustaceans, find a suitable 
home inside a sponge and live purely as commensals; e. g. a crab 
Spongicolla in the sponge Euplectella. Some sponges are cultivated 
for commercial purposes. 


A Simple Sponge (Ascon type) 
The'structure of the most simple type of sponge is exemplified 


by Olynthus and Leucosolenia. But olynthus is not a genus, it is 
only a larval stage in the development of some higher, sponges. 
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Two species of Leucosolenia, L. fragils and L. cancellata, are com- 
mon оп the shres of 
Indian peninsula. An in- 
dividual sponge ofeither 
species is in the form of a 
cylinder 20 to 30 mm high, 
with a large opening an 
the top called osculum. 
There are numerous small 
pores or ostia in the wall of 
the cylinder, inside the 
cylinder is a large body 
cavity into which the ostia 
open. Leucosolenia is a 
simple sponge, but it is 
more complicated than 


Fig. 212 Leucosolenia—a simple sponge 


olynthus because it forms a cluster 
of several cylinders which are 
branching individuals, joined to- 
gether at their bases. These simple 
sponges are radially symmetrical 
The structure of sponges is best 
understood by studying the simplest 
Sponge called the ascon type (or 
asconoid) Such a sponge has a 
radially symmetrical, cylindrical 
or vase-shaped body with a thin 
body wall enclosing a large body 
cavity called paragastric cavity or 
Spongocoel. The spongocoel opens 
at the upper end of the cylinder 
by alarge aperture known as an- 
osculum. The body wall is per- 
forted by numerous very minute 
apertures called ostia or incurrent 
apertures which lead from the out- 
Side into the spongocoel. Leuco- 
Solenia is an asconoid sponge. 


The body wall has an outer : 
and ап inner epithelium of cells, Fig, 214 Olynthus stage 
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between these is a thin jelly-like, transparent, and structureless layer 
known as mesohyl or mesenchyme, the mesogloea is in the form of a 
gelatinous matrix. The outer or dermal epithelium of the body 
wall is known as the epidermis. The epidermis is made of a 
single layer of thin, scale-like cells called pinacocytes. Pinacocytes are 
large polygonal cells; they are thin, but the central part bulges out and 
contains a nucleus; in the epidermis they lie with their edges touching 
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Fig. 214 L. S. of Leucosolenia. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


-- 


PORIFERA 317 


like tiles on the floor. Pinacocytes are highly contractile and they can 
slightly increase or decrease the size of a sponge. The inner epithe- 
lium of the body wall forms the lining of the spongocoel and is made 
of a single layer of collared and flagellated cells called choanocytes. 
The choanocytes are in loose contact. A choanocyte is an oval cell 
with a large nucleus, a contractile vacuole, and some food vacuoles; 
at its inner free end is a long flagellum arising from a kinetosome. 
The kinetosome is cennected toa para-basal body placed on the surface 
of the nucleus, the connecting fibre is called rhizoplast. The flagellum 
is surrounded at its base by a transparent contractile collar made up 
of 20-30 fine, separate, contractile protoplasmic fingers, the microvilli, 
fused side by side forming a ring round the flagellum. In the body wall 
at intervals among the pinacocytes are some large cells called porocytes 
or pore cells. The porocyte is a tubular cell because an ostium passes 
right through it as a canal, thus the ostium is an intracellular canal. 
The porocytes are modified pinacocytes; they connect the exterior 
with the spongocoel by their ostia. In the mesogloea are many amoe- 
bocytes and spicules. Amoebocytes are amoeboid cells having 
pseudopodia, they wander about freely in the mesogloea; there are 
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Fig. 215 Sponge cells, some spicules, and spongin fibres. 


various kinds of amoebocytes; phagocytes that engulf minute particles 
orfood or other solid matter, trophocytes that transport digested food 
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to various parts of the sponge body, chromocytes that contain pigments 
and give colour to the sponge, the archaeocytes which have the 
capacity to transform into several other kinds of cells (hence called 
totipotent). Spicules lie separately, but collectively form the internal 
skeleton or supporting framework of the sponge. They are secreted 
by special amoebocytes known as scleroblasts. Spicules have an axis 
of an organic substance covered with calcium carbonate on the outside. 
In some sponges the spicules have silica. According to the number 
of axes or rays, there are two or three types of spicules present in a 
simple sponge. Monaxon spicules have a single ray, they 'іе in the 
mesogloea, but some project out from the body wall. A few monaxon 
spicules form a scanty fringe around the osculum. Triradiate spicules 
have three rays in nearly one plane. There may be some quadriradiate 
or four-rayed spicules present in the mesogloea. The four-rayed 
spicules generally lose one ray to form triradiate spicules. Scleroblasts 
that produce calcareous spicules are called calcoblasts, those prod ucing 
siliceous spicules are called silicoblasts, and those producing spongin 
fibres are known os spongioblasts. 


The beating of flagella of choanocytes lining the spongocoel to- 
wards the osculum causes a current of water to enter the ostia, there- 
after the water goes into the spongocoel from where it goes out of the 
osculum. Thus it is seen that many small ostia are inhalent aper- 
tures, while the single large osculum is exhalent. The current of 
water brings in food for the sponge, it also provides oxygen which 
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Fig. 216 Food collection in the collared cell. 
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is taken up by the cells by diffusion from water; the current carries 
away carbon dioxide and nitrogenous waste products which consist 
largely of ammonia. 

Natrition—The food of sponges consists of organic particles and 
small living organisms, such as bacteria, unicellular plants, and proto- 
zoans. The food is drawn in with the current of water. In calcareous 
sponges, the food is ingested mainly by the choanocytes either through 
the collar or through the side of the cell. In the cytoplasm, the food 
is enclosed in a food vacuole in which partial digestion takes place. 
The contents of the food vacuole are at first acidic, then they become 
alkaline. Enzymes are poured into the food vacuole for digestion; 
partly digested food is taken from the choanocytes by amoebocytes 
in which digestion is completed. Then the amoebocytes transport 
the digested food to all parts of the body. Undigested remains of 
the food are cast out through the collars of choanocytes from where 
they pass out with the outgoing current of water through the 
osculum. 

Reproduction. 1. Regeneration—The power of regeneration is 
very great in sponges: any piece of a sponge will gradually grow into 
a complete sponge, but this process is very slow. Ifa large sponge is 
beaten up and squeezed through fine silk cloth, then cells and clusters 
of cells will pass through the silk. These cells and clusters come to- 
gether in masses which eventually grow into new sponges. 

2. Budding—Many sponges form buds vegetatively at the bases 
of branches; these buds may remain attached to the parent or they 
may break off and then each grows into a new sponge. In all fresh 
water sponges and a few marine sponges, asexual reproductive bodies, 
called gemmules, are formed by internal budding. First amoebocytes 
and some other kinds of cells come together in a mass which becomes 
enclosed in a two-layered shell having an opening, then spicules are 
secreted. Thus gemmules are formed in large numbers in autumn, 
then the sponge disintegrates: and gemmules fall to the bottom. 
Gemmules can withstand unfavourable conditions, but they hatch 
when spring comes; in hatching, the cells come out from the opening 
of the gemmule and organize into a new sponge. 

3. Sexual reproduction. Sponges have no sex organs, usually colla- 
red cells and often amoebocytes give rise to sperms and eggs, generally 
in the same sponge, but some sponges are males or females. Eggs are 
produced first and afterwards the sperms, hence sponges are protogy- 
nous and cross fertilization takes place. Whereas the eggs remain in 
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Fig. 217 Stages in the fertilization in a syconoid sponge. 
the mother’s body, the sperms pass out with the outgoing current of 
water. In the sponge Sycon, the ‘amoeboid oocyte is a modified 
choanocyte stationed in the mesenchyme just below the layer of 
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choanocytes. Sperms from some other sponge are received in the 
water current. A sperm caught in the collar of the collared cell 
makes its way into the basal part of the collared cell. Tail of the 
sperm drops after its head has gone fully inside the collared cell. 
Such a collared cell is called a carrier choanocyte. The carrier choa- 
nocyte, with male pronucleus inside, withdraws into the mesenchyme 
and fuses with the underlying oocyte. A new collared cell takes the 
vacant place in the layer of choanocytes. Thus fertilization is 
internal. Early development takes place in the body of the sponge, 
but later, it occurs in water. 

In an asconoid sponge, such as Leucosolenia, cleavage is of Holo- 
blastic type, first three divisions are vertical, fourth is a horizontal. 
Blastomeres then divide quickly and become flagellated, the flagella 
face outwards. A group of non-flagellated cells, stay at one pole 
of the hollow blastula (coeloblastula). Later on, the flagellated cells 
adjacent to the non-flagellated cells lose their flagella and along with 
the non-flagellated archaeocytes withdraw into the interior. This kind 
of movement of cells is called unipolar ingression.: The blastocoel is 
thus obliterated and the resulting embryo is now a solid gastrula or 
stereogastrula called a parenchymula. 
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Fig. 218 The parenchymula. 


Parenchymula has three kinds of cells—flagellated cells on the 
outside, amoeboid cells forming the inner mass and a pair of granular 
archaeocytes at the posterior. After about 24 hours of swimming, 
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the larva settles down on some solid object by the anterior end and 
becomes plate-like. Amoeboid cells pass outside making their way 
between flagellated cells and are destined to form the dermal epithe- 
lium of the sponge; the flagellated cells group together with some 
non-flagellated cells (future porocytes). An invagination from the 
bottom pushes up to become the spongocoel. The flagellated cells 
(choanocytes) and porocytes arrange on the inner wall of the invagina- 
. tion. Archaeocytes will give rise to reproductive cells. Some amoeboid 
cells will form the spicules. 

In a syconoid sponge—Cieavage is total and equal. The egg passes 
through 4-, 8- and 16- cell stages. The 16-cell embryo consists of two 
tiers of eight cells each. The tier of 8 bigger cells (megameres) resting 
against the choanocyte layer of mother sponge is destined to form the 
dermal layer and the cther 8-celled tier of micromeres forms the choano- 
cytes. The micromeres undergo rapid mitosis, while the megameres 
remain undivided. Between the two layersa blastocoel develops. The 
embryo is now a blastula. Shortly, flagella develop on the blastocoel- 
ends of the micromeres and a mouth-like opening splits between the 
megameres. Through this opening the blastula engulfs surrounding 
amoebocytes for nutrition. The embryo is now called a pseudogastrula. 
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Fig. 218 Early development of a syconoid sponge. 
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Later, the micromeres begin to leave out through the mouth of 
pseudogastrula and rearrange themselves in such a way that their 
flagella are now on the exterior. Megameres are still undivided. 
This inversion is very peculiar of sponge development. The flagellated 
pseudogastrula is now free to rotate and soon leaves out with the 
outgoing water current as a freely swimming amphiblastula larva. 

After a short free existence, a peculiar change takes place. The 
megameres divide rapidly and overgrow the micromeres, which 
are thus carried inwards. Here the sponge development differs from 
that of other metazoa, because in the latter the megameres always 
become internal. With the flagellated micromeres gone inside 
the gastrula, the larva settles down to sea bottom. An invagination 
from the attached end leads through the middle, forming a central 
spongocoel. Spongocoel becomes lined with flagellated cells which 
now transform into collared cells. Megameres form the dermal 
layer. Mesenchymal cells come both from the gastral and dermal 
layers. Some mesenchyme cells become pore cells, others give rise 
to the spicules. Overall result is a new cylinder of the sponge. 

Individuality in Sponges. It is often debated whether sponges are 
individuals or colonies. Though sponges have no nervous system 
(recently the presence of nerve cells in sponges has been claimed but 
not proved), yet without any coordinating system it is very remark- 
able that different species of sponges have been formed, each with a 
definite construction, having different shapes and arrangement of 
spicules. There is also a slight differentiation of cells (epithelial, 
muscular, glandular) for various functions; all these bespeak of a 
certain amount of individuality for sponges. Yet it is often stated 
that in higher sponges, each osculum with its surrounding parts 
constitutes a sponge individual, and in such large and higher sponges 
with several oscula, the vaguely defined individuals constitute a colony. 

Canal system—Leucosolenia is one of the sponges having a simple 
organization. The thickness of the wall of the sponge and consequent 
development of structures meant to draw a nutritive-cum-respiratory 
current of water into the sponge body leads to complex organization. 
All complex sponges have a system of tubes that make up the ‘canal 
system’. Three basic types of canal system are recognized : ascon type, 
Sycon type and leucon type. 

Ascon type is the simplest and the asconoid sponges, such as 
Leucosolenia, is characterized by (1) thin wall of the sponge, (2) un- 
folded wall, (3) spongocoel lined with loosely set collared cells 
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(choanocytes) of large size, (4) porocytes set across the sponge wall 
and having dermal ostia on the body surface and gastral ostia towards 
the spongocoel, (5) thin layer of mesohyl, (6) undivided spongocoel 
and (7) water entering the spongocoel directly across the porocytes. 

Sycon type of canal system is found in majority of calcareous 
sponges, such as Sycon and Grantia. Syconoid sponges have 
(1) moderately thickened mesohyl and the sponge wall is thicker than 
those of asconoid sponges, (2) the Pinacocyteined body surface is 
thrown into folds into the mesohyl, giving rise to incurrent canals, 
blind towards spongocoel and open towards outer body surface, the 
porocytes join in series to make tubular passages called prosopyles; 
(3) wall of the spongocoel is also thrown into finger-like folds forming 
the radial canals lined with choanocytes and connected with the in- 
current canals by means of prosopyles, (4) radial canals open directly 
into the spongocoel, or, through pinacocytes-lined excurrent canals, 
(5) connection between radial canal and excurrent canal is through an 
opening called the apopyle functioning as a sphinctered opening, 


(6) spongocoel is usually undivided and leads into one osculum on top. 
Course of water-current in thus : 


water — ostia —incurrent canal > prosopyle — radial canal —.apopyle 
out«— osculum<— spongocoel~— gastric ostium. excurrent canal _| 


Advanced syconoid Sponges develop 
ѕусоп type of canal system described above. Thickening of the 


onges and nearly all siliceous 


& sponges have the most complex canal 
system of this type. Enormous increase in th 


towards the dermal side of th 
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ing up into several tubes, opening out intoa number of oscula. Drawn 
out prosopyles are termed prosodi (prosodus in singular) and similar 
apopyles are termed aphodi (aphodus in singular). Ina simple leuconoid 
sponge, the course of water current is thus : 


out water — dermal pores — incurrent tubes — 


one of {һе osculi prosodus 
® 
branch of «— excurrent «— aphodus «— flagellatede—— 
spongocoel tube chamber o 


Sponge industry. Man has used a bath sponge for centuries for 
washing and bathing. The commercial bath sponge is the cleaned 
skeleton of a sponge called Euspongia. This skeleton is made of 
spongin fibres. Spongin is allied to silk and contains iodine. The 
spongin skeleton is in the form of a dense meshwork of branching, an- 
astomosing and communicating by cross connection of spongin threads 
which can soak in large quantities of water or fluid; on being squeezed 
the fluid comes out. Bath sponges grow in the Mediterranean Sea, 
off the coast of West Indies, Australia, and Florida. Bath sponges 
are cultured in specially cordoned off areas of shallow seas. Pieces 
of desired variety of sponges are tied to small pebbles and lowered 
to the sea bottom. In the course of a few years, these small pieces 
grow into massive sponges. Industrially, the sponges are fished in 
shallow waters by picking them with curved hooks from boats; in 
deeper waters divers go down to the sea bottom and obtain the spon- 
ges. The living bath sponges are large, slimy, and fleshy-looking 
masses; they are greyish-yellow, brown, or black in colour. Collected 
sponges are killed by being trodden upon by the fishers, and beaten 
With wooden mallets, then they are hung up on the ropes for days, 
allowing the soft parts to decay. They are then washed, cleaned and 
Strung on ropes in bunches; finally, they are bleached. Bleaching 
cleans but weakens a sponge. The cleaned spongin skeleton is the 
bath sponge. There are many grades and varieties of bath sponges, 
the most valuable one is known as Turkey-cup which is light yellow 
and cup-shaped; it comes from near Asia Minor. 


Questions 


1. What kinds of spicules are found in Leucosolenia? Which 
cella) are E in replacing old spicules or adding them? 


2. What is the importance of collared-cells in a sponge? 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


326. 


10. 
11. 


12. 


13. 


14. 


15. 


ANIMAL BIOLOGY 


Explain briefly the course of water current through a sponge. 
Enlist the kinds of cells in a sponge. State the function of 
each. 

What role do the choanocytes play in reproduction? 


Differentiate between : è 
pseudogastrula, stomoblastula, amphiblastula and blastula. 


What is spongin? Give its economic importance and utility. 


Describe ingestion, digestion and circulation of food in a simple 

sponge. 

Describe the formation of gametes, fertilization and early deve- 

lopment of sponge egg. 

Give an account of cells found in a sponge body. 

What will be the effect of the following experiments on the 

life of a simple sponge : 

(i) by plugging the osculum. 

(ii) by completely inhibiting flagellar movement of the choano- 
cytes. 

(iii) by focusing a strong beam of light on the osculum. 


Scleroblasts are— 

(a) excretory cells, 

(b) reproductive cells, 

(c) spicule-producing cells*, 

(d) feeding cells. 

Collared cells are known as— 

(a) pinacocytes, 

(b) choanocytes*, 

(c) thesocytes, 

(d) trophocytes. 

If all the dermal ostia are plugged with wax— 
(a) the sponge will draw the water current through the osculum, 
(b) it will die*, 

(c) it will move to some other place, 

(d) it will rise to the surface of the sea. 

Check in true statements as 4/ — 

(a) Sponges are micro-organisms, 
(b) Sponges are marine aud fresh water animals. 
(c) Sponges are marine plankton. 
(d) Sponges live in deep sea-wter. 
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(e) Sponges have endoskeleton. 

(f) Sponges are at the tissue-grade of organization. 

(g) Sponges are triploblastic. 

(h) Sponges are hermaphrodite. 

Which of these cells are found in sponges, but not in the verte- 
brates : — choanocytes*/ neurons / erythrocytes / osteoblasts. 
(CPMT—1981) 

Sponges need a,continuous current of water flowing through their 
bodies for : respiration / respiration, excretion, nutrition and 
reproduction*/ respiration and excretion / respiration, excretion 
and reproduction. (CPMT—1985) 

Canal system of Leucosolenia is of the type : ascon*/ rhagon / 
ѕусоп /leucon. (CPMT—1989) 

Parenchymula is the larva of hydra / Ascaris / Pheretima/ 
Leucosolenia*. (PMT—1990) 

In Leucosolenia digestion takes place in the : paragastric cavity / 
osculum / food vacuole* / stomach. (PMT—1990) 

Water current through the body of sponge is maintained by : 
amoebocytes / porocytes / choanocytes*/ pinacocytes. 
(PMT-1991). 
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Protozoa have an external limiting membrane of permeable nature 
which does not allow the animal to grow beyond a certain size, 
hence Protozoa are generally small-sized. The single cell performs all 
functions necessary for life as seen in the properties of protoplasm, 
and no single function predominates over the others. Many of 
their activities involve an exchange of substances between their pro- 
toplasm and the surrounding liquid medium; these processes are 
governed by the ratio of their surface area to their volume, i. e. smaller 
the size of the animal, larger is its surface area proportionately, and 
this ratio limits their size (in other words, the surface area of the 
animalxits volume is nearly constant). 

The attainment of multicellular structure is foreshadowed by colo- 
nial Protozoa. They have groups of many cells connected by prote- 
plasm or embedded in a common matrix of noncellular material, but 
these colonies differ from multicellular animals, because each of their 
cells is functionally independent of the other cells. 

The larger multicellular animals, in which limitations of size are 
removed, are called Metazoa and their cells are potentially capable 
of performing all essential activities, but all of them are not alike a5 
specialization has taken place, hence complexity of body form and 
structure has occurred. Thus Metazoa are multicellular animals of 
various sizes with a high degree of specialization and differentiation 
of cells, and an increase in size of the body is generally correlated with 
morphological complexity. With this morphological differentiation of 
structure, there is a physiological division of labour among the perma- 
nently associated and mutually dependent cells. This implies that any 
portion of the body is specialized to perform a definite function for 
the entire animal. 
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Metazoa reproduce in several ways, one of the methods of repro- 
duction is sexual in which two sex cells or gametes are produced by 
the gonads of opposite sexes. The male sex cells are spermatozoa and 
those of the female are ova. One spermatozoon fertilizes one ovum 
to form a zygote. The zygote undergoes a series of mitotic cell divi- 
sions to form a hollow ball of cells called blastula and its cavity is 
known as blastocoel Further cell divisions in the blastula cause 
its wall to cave in or invaginate on one side, the depression deepens 
until the cells of one side come in contact with the opposite side, thus 
obliterating the blastocoel. The opening of the depression becomes 
narrow and is called blastopore which leads into a new cavity, the 
archenteron; this two-layered bag is called a gastrula. Its outer 
layer of cells is called ectoderm and the inner layer lining the arch- 
enteron is the endoderm, but lodged temporarily with the ectoderm 
or endoderm are the mesenchyme or mesogloea cells. 

The development of some Metazoa stops at this gastrula stage, and 
these two-layered metazoa are diploblastic. xcu 


ARCHENTERON 


TUGULAR 


VENTRAL VESSEL 


SOMATIC NERVE CORD 
* MESODERM 


i . eralized diploblastic animal; 
E dabis Monte: Cree роте Coclomate. 

But in higher Metazoa a third layer of cells, the mesoderm, is 
formed during gastrulation. It lies between the ectoderm and endo- 
derm. 'The method of formation of mesoderm differs in various 
groups of Metazoa. The three layers of cells—an outer ectoderm, 
middle mesoderm and inner endoderm—are called primary germ-layers. 
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The germ-layers are the same in all Metazoa and each layer gives 
rise to homologous structures in different. animals. Metazoa with 
three germ-layers are called triploblastic and their mesoderm opens up 
further possibilities of increase in size and complexity. The ecto- 
derm and endoderm retain most of the functions which they perform 
in diploblastic Cnidaria. The ectoderm forms the outer protective 
layer of the body and gives rise to sense organs and the nervous 
system. The endoderm forms the lining of the gut and organs asso- 
ciated with digestion and respiration. The mesoderm forms a loose 
cellular tissue called mesenchyme which fills the spaces between other 
layers; it also gives rise to connective tissue, muscles, skeleton, blood, 
circulatory, excretory, and reproductive systems. 

In the simple triploblastic animals, the flatworms, the mesoderm 
gives rise to muscles, reproductive organs, and a peculiar cellular tissue 
called parenchyma which forms a packing around all organs, and 
through which nourishment is conveyed from a branching alimentary 
canal to all parts, whereas waste nitrogenous matter and gases are 
conveyed to the excretory system. Such relatively simple triploblastic 
animals with no body cavity are known as Acoelomates; they include 
the Platyhelminthes. Nemathelminthes and some other groups of in- 
vertebrates do not have a real coelom, yet have a perivisceral cavity— 
a false coclom known as pseudocoel. All higher triploblastic animals 
are grouped together as Coelomates, their mesoderm becomes split into 
two layers, an outer parietal or somatic layer below the ectoderm, and 
an inner visceral or splanchnic layer surrounding the endoderm. 
Between these two layers of mesoderm is an extensive fluid-filled body 
cavity or coelom (Fig. 220). 

Embryologically, coelom is of two types : enterocoel and schizocoel. 
In the echinoderms and cephalochordates, the coelom develops from 
paired, segmental, dorso-lateral hollow pockets of mesodermal origin 
Separating out from the archenteron. These pockets are known as 
enterocoelic pouches. Pouches grow between the ectoderm and the 
archenteron and differentiate into a perivisceral coelom, besides a 
number of other mesodermal derivatives. 

In other coelomates, including all vertebrate-chordates, the meso- 
derm destined to form coelom and other derivatives, occupies positions 
between epidermal ectoderm and the archenteron as solid, segmental 
and paired blocks. Later on, solid blocks hollow out and give rise 
to a perivisceral coelom or splanchnocoel. This mode of development 
of coelom is known as schizocoelic. 
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Even in triploblastic acoelomate animals, the organs of the body 
may attain a degree of complexity not seen in diploblastic animals. 
The gut of acoelomate triploblastic animals, like the flatworms, has a 
single opening, the mouth, which serves for intake of food and for the 
egestion of faeces. The absence of an anus prevents food from pass- 
ing in a steady stream, hence the gut is vastly increased by branching, 
so that a fresh meal can be taken before the remains of the last one 
have passed out. „ 

Animals 


| o 


| | 
Ace Multicellular 
(Protozoa 


| 
(Cellular level) Diploblastica—tissue level PE 


Porifera (Cnidaria and Ctenophora) organ level 
Acoelomata Coelomata 
(Platyhelminthes and Annelida, Mollusca, 
Aschelminthes) Arthropoda;gEchino- 


dermata, Calcichordata and Chordata 


In coelomate triploblastic animals, the complexity of structure con- 
centrates and localizes the various physiological processes into definite 
organs and systems of organs. Their coelom may vary from a cavity 
of limited extent to a large space or a series of chambers extending 
throughout the body. The coelom is a perivisceral cavity and some 
other spaces homologous with it. It is bounded on all sides by a 
layer of coelomic epithelium (peritoneum) of mesodermal origin. The 
coelom around the viscera contains a coelomic fluid, and the organs 
lying in it can become large and have some freedom of movement, 
such as the alimentary canal. In higher coelomates parts of the coelom 
become cut off from the splanchnocoel to form small cavities in connec- 
tion with gonads and excretory organs. In some coelomates (Arthro- 
poda and Mollusca) the cavities of the blood vascular system in the 
mesenchyme become so large that the splanchnocoel is obliterated and 
the viscera comes to lie in this new blood-filled cavity, the haemocoel, 
which becomes the body cavity, whilst the true coelom is reduced to 
small cavities in the excretory and reproductive organs. 
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Metamerism—The body of the embryo or adult of a triploblastic 
coelomate animal consists of a longitudinal series of more or less simi- 
lar segments called metameres; such animals are said to be meta- 
merically segmented or show metamerism. In metamerism, there 
is a serial repetition of homologous parts which work in co-operation. 
In many animals, most of the main organs of the body are arranged 
on a metameric plan throughout the length of the body which itself is 
divided into segments, as in Annelida, where muscles, glands, neph- 
ridia, ganglia, nerves and blood vessels are repeated in the segments, 
enly the gonads are confined to a few segments. The embryos of 
vertebrates show conspicuous metamerism which is lost in the adult 
by structural advances. One of the factors, which shadows this seg- 
mentation, is the specialization of the anterior end to form a head, 
this process is known as cephalization. It is due to the formation of 
structures used in feeding, and to a concentration of receptors. A 
corresponding concentration of nervous tissue forms a brain. For- 
mation of limbs, and restriction of internal organs to some segments 
oniy, also obscures metamerism in vertebrates. 

In Metazoa the cells are closely associated to form tissues. Coe- 
lenterata (Cnidaria and Ctenophora) have no organized tissues, but 
im triploblastic forms, tissues unite to form organs. An organ is 
fermed by a combination of two or more tissues; it has a definite 
saepe and performs a definite function or functions. The organs are 
thon associated together to form systems, each of which carries on 
seme important general function. In the higher triploblastic coelo- 
maates, there are several organ systems, namely, skeletal, muscular, 


. integumentary, digestive, respiratory, excretory, circulatory, nervous, 


sensory (receptors), and reproductive. Each system performs certain 
functions, though there may be a considerable overlapping. 


The coelomates have four major divisions :— 


(a) Annelid-Mollusc stock, including segmented worms and 
molluscs, where mode of coelom formation is schizocoelic. 

(b) Echinoderm stock, including starfish, sea urchins, and sea 
cucumbers etc. in which part of the coelom (enterocoelic) 
is specialized to form a water vascular system. 

(c) Arthropod stock, including crustaceans, spiders and insects 
in which the coelom is greatly reduced i 
By s baeriococl. y and its place taken 

(d) Chordate stock, including fishes, frogs, reptiles, bi 

mammals, they represent the most advanced and specialized 
coelomates. Their coelom is schizocoelic. ' 
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Quite a number of theories of chordate origin have been put up. 
The basis of these theories is the resemblance between the lower chor- 
dates and some non-chordates. Two theories which seem to be logical 
and meaningful are : The Annelid theory and The Echinoderm theory. 


Annelid theory—Advanced some time in late nineteenth century 
presents a number of features connecting Annelids with the Chordates 
such as : о 

(1) Both, the annelids and the chordates are bilaterally symmetrical; 

(2) both are metamerically segmented and truly coelomates;- 

(3) both have segmentally-originated excretory organs—the nephri- 

dia and the nephric tubules; 

(4) both have longitudinal blood vessels and nerve cords; 

(5) both have a closed blood vascular system and many annelids 

have red blood. 

Contrasting features are equally significant, such as (1) all chor- 
dates have a notochord, which is absent in Annelids, (2) whereas the 
nerve cord in chordates is hollow and dorsal to the alimentary canal, 
in annelids it is solid and ventral; (3) no annelid develops pharyn- 
geal gill-clefts, but all chordates do have them at some stage in the 
life. These features do not support the origin of chordates from the 
annelios. 

Echinoderm theory—In spite of many diverse characteristics, 
Echinoderms at least seem to be very close to the Chordates. The 
characters that support this view are : 

(1) Echinoderms and chordates both are bilaterally symmetrical; 
the echinoderm larvae are definitely bilaterally symmetrical, however, 

the radial symmetry of the adults overshadows it; 

(2) Coelom in echinoderms and in chordates (e.g. Branchiostoma) 
develops from enterocoelic pouches; 

(3) body surface is ciliated or flagellated in many echinoderms and 
is ciliated in the Hemichordates for whole life and at least in the larval 
life of Cephalochordates, 

(4) Tornaria larva of Hemichordates is very much like the auri- 
cularia larva of echinoderms; 

(5) The three coelomic compartments of Hemichordates tally 
with the three coelomic divisions of dipleurula larva of echinoderms. 

(6) Confinement of nervous system in the body wall both in 
echinoderms and hemichordates is another feature bringing them 
together and close. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


334 ANIMAL BIOLOGY 


With so much in favour of Chordates being very close to the Echi- 
noderms, all efforts to trace the origin of chordates from echinoderms 
have failed. We can, however, content ourselves. to believe that at 
least the Chordates and Echinoderms had a common ancestral stock, 
the descendants then moved along divergent lines. 


Questions 


1. Enumerate 3 phyla of acoelomates and 3 of coelomates. 
2. Enumerate important differences between diploblastic and tri- 
ploblastic animals; acoelomates and coelomates. 


3. Give some important characteristics of coelomates. 


^ 
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CHAPTER 2 1 


CNIDARIA—Hydra 


Hydra oligactis (Brown Hydra) 


Several species of hydras are found in fresh water ponds, lakes, 
and slow-flowing streams throughout the world, some species are 
cosmopolitan, such as the brown Hydra (Hydra oligactis) and green 
Hydra (Chlorohydra virridissima). 

Hydra oligactis (formerly Hydra fusca) is 2to 20 mm long because 
it has great powers of expansion and contraction. It has a cylindrical 
body having an upper stomach and lower stalk; the stalk is narrower 
than the stomach; in other hydras the stalk is about the same 
thickness as the stomach. The part of hydra referred to Ж does 
not mean that hydra is a sedentary (fixed) animal. It is as free 
às an amoeba or a paramoecium. Stalk of hydra helps it to stay 
on an object for a short while. The free distal end has a small conical 
hypostome or oral cone with a star-shaped mouth. Below the hypos- 
tome are 6 to 10 thread-like tentacles. which, can extend to a length 
2 or 3 times longer than the body. The proximal end is the basa 
disc or foot by which the animal is fixed to some fresh water plant. 
Gonads arise only during the breeding...season..on..the. Stomach _ 


Icgion. The body is covered by a thin transparent cuticle exce Xt at 
the basal disc. The body wall has an outer layer of epidermis and 
an inner layer of gastrodermis which is twice as thick as the epider- 
а. Р к. ноаен. зету ee ya Ua ориқ лег 

mis. Between the two layers is а thin, structureless jel ily, thi 


а ааыа е 
mesogloea, Inside the Боду ма] is ого 
Sateron which extends into tentacles also. 


ete 
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Fig. 221 Hydra oligactis. 


Histological structure—The epidermis (ectodermal) is external; і it is. 
protective, muscular and sensory... The epidermis has seven n kinds of 


elio-muscular cells, gland cells, ‘interstitial cells, 


celis, they аге epitheli 
onidoblasts, , sensory cells,” nerve cells, and germ cells. Most epidermal | 


cells: are cylindrical and their inner ends are > produced into two 
muscular processes, hence 
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they are called epithelio-muscular cells. б 
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Their outer ends bear granules which secrete the cuticle. The muscular , 
processes have two or more contractile fibres or myonemes which 
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| Fig. 222 L. S. of Hydra (diagrammatic). 


branch and anastomose, myonemes form a longitudinal layer of mus- 
cles Aem cause contractions of the body. The epidermis of basal 
disc has tall gland cells which are granular and have muscle processes; 
the basal disc is made entirely of such glandulomuscular cells and their 
secretions bring about attachment of Hydra. The basal disc cells, in 
the middle of the foot, can also produce gas to form a gas bubble by 


which Hydra can be lifted when it breaks from its attachment. 
Аи З 


= 
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Fig. 223 Epidermal epithelio-muscular cell (above). T.S. of basal disc (part), below 


Interstitial cells—Between the inner ends of epidermal cells are 
_small, round cells, usually in clumps › they : are i ‘inter- 
give rise ‘to nematocysts, form germ cells, and ea 

: also form epithelio-muscular cells. Gastrodermis has 
Fig. 224 “a few interstitial cells. / Interstitial cells renew all the 
Interstitial cells. cells of Hydra once in every 45 days ;| Interstitial cells 


Li 
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form a growth zone just below the tentacles, new cells are formed in 
this zone and old worn out cells are pushed out. - 
Cnidoblasts—Some interstitial cells of the epidermis give rise to spe- 
cial cells called cnidoblasts or nematoblasts. A cnidoblast is a rounded 
cell with a projecting hair-like cnidocil. Each cnidoblast secretes a 
remarkable structure internally called a nematocyst or stinging capsule. 
А nematocyst is not a cell because it is chitinous and non-living. /' 
Nematocysts—Nefhatocysts are characteristic of Cnidaria and are 
of several types, as many as of seventeen types in the phylum. 
In addition, the Zoantharian anthozoa have special structures called 
spirocysts, which are slightly different from nematocysts. For a 
general description a stenotele or penetrant type is selected here. 
It has a pear-shaped vesicle or a chitinous double-walled collagenous, 
5 m to 50 рт long capsule with an operculum or lid, and a slen- 
der intracapsular invagination inside the capsule. The invagination 
may have a basal swelling called butt or hampe, and a thin thread or 
пеша which lies coiled in the capsule. The capsule contains a 


TRIFOLIATE 
PROTUBERANCE 


APSULAR 
MATRIX 


CONTRACTILE 
MYOFILAMENT 


Fig. 225 А stenotele nematocyst in a cnidoblast. 


Doisonous fluid made of proteins and phenols. On the wall of the 

capsule are contractile myofilaments running down to the cnidoblast. 
Inside the intracapsular invagination the coiled thread has minute 

Spines arranged in three rows, the lowest member of each row is 
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much enlarged to form a barb or a stylet, barbs have their apices 
touching one another. The capsular. wall over the stylets projects 
out as а trifoliate protuberance. Stylets and set of about 50 smaller 
spines are stacked in the form of a pyramid. The thread or nema 
coiled round the butt encloses a central canal containing a dense 
material and is shaped like a 3-blade propeller. Outside the capsule, 
the nematoblast contains all the organelles of a typical cell, namely, 
the nucleus, endoplasmic reticulum, ribosomts, Golgi body and 
mitochondria etc. The cnidocil is really a modified cilium composed 
of'9 peripheral and 2 central fibrils. The cilium is surrounded and 
protected by large and: strong supporting rods. Special rods and 
contractile filaments are found on the surface of the capsule. A 
thick coiled filament, the lasso, runs between the capsule and the 
base of nematocyst. 


CILIUM 
OF CNIDOCIL 


SUPPORTING ROD 
OF CNIDOCIL 


OPERCULUM 


TRIFOLIATE 
PROTUBERANCE 


INTRACAPSULAR—&: 
INVAGINATION Д5 


CONTRACTILE ~[:V: 
MYOFILAMENT 


Fig. 226 Ultrastructure of a nematoblast (stenotele) 


Discharge of nematocysts—A nematocyst is not under the con- 
trolof the nervous system, it is an independent effector containing 
within itself both sensory and’ motor properties needed to evoke dis- 
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charge. It is discharged by some suitable stimulus by which the 
nematocyst explodes; the butt and the thread are turned inside out 
unfolding the barbs and the spines; the entire tube is shot out with 
a force. The thread strikes or even penetrates a prey and the poison 
of the capsule is injected; this kills small animals and paralyses larger 
ones. The mechanism of discharge of nematocysts is still uncertain, 
but the following explanations are given :— 

(a) The capsule of the cnidoblast swells up by intake of water, the 
swelling opens the operculum and causes eversion and shooting out of 
the tube. ^ 

(b) The mechanism of discharge lies in the cnidoblast, it has both 
receptor and effector parts. When the cnidocil is stimulated by chemi- 
cals (such as those coming from food) or by contact with food or 
enemy, the cnidoblast contracts, the operculum is thrust open and 
the tube is everted and shot out. Presence of cnidocil is not absolu- 
tely essential, for it is not present in all forms of nematocysts and 
is absent in the spirocysts. Mechanical and chemical (from food) 
stimuli both are necessary for the discharge of a reasonable number 
of nematocysts. 

‘Nematocysts can be discharged but once; after discharge they are 
cast off, most varieties are thrown out and new. nematocysts are 
formed all the time. Hydras have four types of nematocysts which 
are ageregated into groups, each group is called a cnidom. 


1. Stenotele or penetrant has a large globular capsule with an 
operculum, a stout butt almost as long as the capsule; the basal part 
of the butt has no spines but the distal part has three spiral rows of 
spines of which the lowermost in each row is large and conspicuous and 
is called stylet; the butt is continued into a long-slender thread bearing 
spirals of small spines, the thread is open at the tip and it penetrates 
a prey and injects a poisonous fluid. On the wall of the nematocyst 
capsule are a number of contractile muscular fibrils. Arising from 
the cnidoblast is a thread or lasso which is inserted into the nemato- 
cyst; at discharge, the lasso prevents the stenotele from being thrown 
out. Stenoteles are the largest of all and are organs of defence and 
offence and they also help in obtaining food. 


2. Holotrichous isorhizas or large streptoline glutinants have an 
oval elongated capsule, the butt is narrow, the thread is long and open 
atthe tip; both butt and thread bear small spines throughout their 
lengths. ‘They are not used for catching food, but are probably 
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11 Fig. 227 Nematocysts of Hydra. ЧГ 
Upper figures show discharged, lower figures show 
undischarged nematocysts in cnidoblasts. 
A—Stenotele. B--Holotrichous isorhiza. 
C—Atrichous isorhiza D—Desmoneme. 


used in defence and for attacking enemies by injecting poison in 
the enemy. 

3. Atrichous isorhizas or small stereoline glutinants having oval 
elongated capsule, butt is absent, the thread is long and without 
spines, it is open at the tip. Atrichous isorhizas also inject poison, 
they are adhesive too and attach the tentacles to an object during 
locomotion. 
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4. Desmonemes or volvents are smallest of all and have small 
oval-shaped capsules without a butt, but with a thick smooth thread 
closed. at the tip and very small spines; the thread lies in a single 
loop before discharge, but on being discharged it coils like a corks- 
crew around thin structures such as bristles of the prey, to hold it 
fast. Volvents are thrown out of the body when discharged and 
they help in obtaining food. 


All four types of nematocysts occur in abundance on the tentacles, 
hypostome has only holotrichous isorhizas, the body has mostly steno- 
teles and some holotrichous isorhizas. ° 


Migration of nematoblast—Nematocysts develop only in the 
stomach region from cnidoblasts. The cnidoblasts containing the 
developing nematocysts then migrate through the body wall, or through 
mesogloea and gastrodermis into the gastrovascular cavity, the pseudo- 
podia of gastrodermis cells take them up and transfer them to 
mesogloea, from where they go to the epidermis; or gastrodermis 
cells with nematocysts may detach and enter the enteron and finally 
reach their ultimate locations to various parts of the body and tentac- 
les where development is completed. Nematocysts also migrate by 
amoeboid movements of cnidoblasts through the epidermis. Nema- 


MESOGLOEA 
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GASTRO-VASCULAR CAVITY 


Fig. 228 Migration of nematocysu. 
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tocysts are specially abundant in the tentacles and hypostome where 
they lie in groups forming projections in the epidermis, but they are 
absent from the basal disc. The cnidoblasts which give rise to nema- 
tocysts also undergo a change, they come to lie in the epidermis with 
the cnidocil projecting out, and they become fixed in the epidermis 
by a slender stalk or root which reaches the mesogloea. 
Nematocysts are used for defence and for paralysing or killing 
animals upon which a Hydra feeds; some nematocysts help in loco- 
motion. 

" Gastrodermis (endodermal)—These cells are about twice as long as 
of epidermis, they are columnar and line the enteron, their outer ends 
are drawn out into two muscular processes having a myoneme which 
does not branch; they are called epithelio-muscular cells. Their muscle 
processes form a circular layer and they contract or extend a Hydra 
slowly, gastrodermal myonemes are best developed in the hypostome 
and bases of tentacles, they close the mouth and cavities of tentacles. 
The inner ends of some gastrodermis cells have one or more flagella, 
each arising from a blepheroplast, the same gastrodermis cells can 
form pseudopodia which can engulf food like an Amoeba. The flagella 
keep the fluid in the enteric cavity in motion. Gastrodermis cells 
may have large vacuoles 
making the protoplasm 
peripheral, but vacuoles 
are absent in a well-fed 
Hydra. The gastroder- 
mis cells also contain 
food vacuoles in the 
stomach region, but in 
the stalk, the gastro- 
dermis cells have large 
vacuoles and  proto- 
plasm is peripheral. 
The gastrodermis cells 
of tentacles have no 
muscle processes and 
they are elongated only 
by the pressure of the 
body fluid. Gastroder- А 
mis cells are smaller than "Fig. 229 Gastrodermal cpithelio-muscular cell. 
pidermal cells in the foot. _Gastrodermis is nutnitive and vascular. 
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Fig. 230 L. S. of body wall of Hydra. a 


Gland cells are granular, club-shaped cells, with slender bases 
reaching the mesogloca, they may also have a flagellum. Epidermis 
is devoid of gland cells except some around the mouth and the foot. 
In the gastrodermis of the mouth and hypostome are mucous gland 
cells, they secrete mucus "which helps in swallowing food. In the 
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Fig. 231 Gland cell. 


stomach, there are enzymatic ; 
gland cells which produce 
digestive enzymes. There 
are no gland cells in the 
gastrodermis of stalk and N J) 


t Р : 
entacles. Fig. 282 Sensory cell. 
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which join the nervous system. Sensory cells are found in both epi- 
dermal and gastrodermal layers but are more abundant in epidermis; 
they are sensory to touch, temperature, chemicals and light; they 
both receive and trasmit impulses. 

Nervous system—Cnidaria are the lowest animals to possess a ner- 
vous system. In Hydra the inner ends of epidermal cells contain bipolar 
and multipolar nerve cells, these nerve cells have 2 to 4 nerve fibres 
(neurites) which form actual contacts with othef nerve cells. Recent 
studies have shown that there are no synapses in hydras. The outer 


е 
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Fig. 233 Neurosensory system of Hydra. 

ends of gastrodermal cells have a similar but less developed network 
of nerve cells, nerve fibres and their connections with sensory cells of 
gastrodermis. The networks of epidermis and gastrodermis are joined 
by nerve cells and fibres lying in the mesogloea and the entire system 
consists of two nerve nets, one lying on either side of mesogloea. Fibres 
from the nerve nets also join the sensory cells and go to muscle pro- 
cesses of epidermis and gastrodermis. This nervous system is primitive 
and diffused, unlike the concentrated central nervous system of higher 
animals. Stimuli from sensory cells (receptors) are transmitted by the 
nerve nets to muscle processes (effectors). In effectors, messages pass 
in all directions, but there is no coordination because stimuli do not 
evoke equal responses in all effectors. 

The exploding of nematocysts and the secretion of enzymes of 
gland cells are independent of nervous system, hence these cells are 
termed independent effectors. 
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Feeding—Hydra is carnivorous; its food consists of crustaceans, 
insect larvae, and worms. Animals much larger than Hydra can be 
ingested because the mouth and stomach region are capable of great 
distension. When an aquatic animal comes in contact with a tentacle, 
the penetrant and volvent nematocysts are immediately discharged, 
the threads of penetrants enter the body of prey and inject the 
poisonous fluid (hypnotoxins) which paralyzes it, the volvents coil 
around the projecting parts (setae) of the prey and hold it fast. The 
tentacle holding the prey contracts and bends towards the mouth, 


Fig. 234 Nerve net of Hydra. 
the other tentacles also bend and help to transfer the food into the 


gulfing movements of the mouth and 


mouth where it is ingested by en ; 
hypostome, then peristaltic contractions of the body push the food 


into the enteron. Sometimes hungry hydras go down to the bottom 
of a pond and feed upon bottom mud if they do not get food. 
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Digestion—The mucous gland cells of 
hypostome cover the food with mucus, then 
enzymatic gland cells of gastrodermis produce 

a proteolytic enzyme which digests proteins 

in an acid medium; this digestion occurs 

in the enteron and is called extra-cellular 
digestion. Digestion is helped by contractions 
of the body and movements of flagella. Some 
gastrodermis cells then form pseudopodia and 
engulf smaller food particles into food vacuoles 
in which digestion is completed, the contents 
of the food vacuoles are at first acidic, then 
become alkaline. The digestion within the 
gastrodermis cells inside fi ood vacuoles is called 
intracellular digestion; thus Hydra combines 
the digestive processes of Protozoa and of 
higher animals. The digested food is assimila- 
ted by gastrodermis, it is distributed to all 
parts by the enteron which serves a double 
function of digestion and circulation. From 
“the gastrodermis digested foodpasses to epi- 
dermis. Hydra can digest proteins, fats and 
some carbohydrates, but it does not digest 
starch. 

Fig. 235 Hydra having Undigested parts are moved towards the 
(Photo qe ipee mouth by thc flagella of the coelenteron and 
Dr. P. Kumar L.U.) egested through it slowly or with a force 

which throws the debris some distance. 


Locomotion—Hydra has great powers of contraction and exten- 
sion. Contraction and extension are brought about by muscle pro- 
cesses of both epidermis and gastrodermis, and partly due to elasticity 
of mesogloea. Locomotion is effected in several ways :— 

1. A Hydra can glide slowly along its attachment by its basal 
disc cells forming pseudopodia. 

2. Hydra walks like a caterpillar by bending and fixing its tenta- 
cles to the substratum, then the basal disc is detached and drawn 
forward; these processes are repeated to bring about locomotion. 

3. Hydra can also move by somersaulting. The body extends and 
bends to place the tentacles on the substratum, the atrichous isor- 
hizas help to adhere the tentacles. The basal disc is then let loose 
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Cuttle fish locomotion 
Fig. 236 Types of locomotion in Hydra. (1-6 successive stages.) 


and lifted, for a moment hydra stands on its tentacles. Soon the body 
contracts, once again the body is extended and bent again to place 
the basal disc on the substratum, the tentacles loosen their hold and 
hydra regains an upright position: this process is repeated and the 
lace to place. i 
us Hydra Be walk on its tentacles in ап upside down posi- 
tion with the body contracted (Fig. 236 middle line stage по. 3). 

5. At times Hydra walks like а cuttle fish, it stands on its tenta- 
cles and then moves by using the tentacles like feet of man. 

6. Occasionally Hydra detaches its basal disc by formation of a 
gas bubble. The basal disc comes to the surface of water and the 
Hydra floats hanging down in water, being carried passively by water 
currents. ie? cs 

— as respond to contact; if a tentacle is touched 
sur e it Еа and bends, later the other tentacles 
also contract and bend, even the body contracts. This кеш 
due to transmission of а stimulus through the nerve nets. In a * g 
an animal for food by a tentacle, the particular tentacle and others 

mouth, and the mouth opens, and 


also shorten and bend towards the ar 
by these co-ordinated movements, the prey is engulfed. Hydras are 


0 
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found towards the upper surface of a pond where more oxygen can be 
obtained, rather than at great depths. Normally hydras lie horizon- 
tally with the hypostome lower than the foot, but at the bottom of 
a pond the body is erect. Hydras move towards brighter parts of 
a pond avoiding both darkness and strong light, in darkness they 
become restless and move in a number of directions. 

Respiration and excretion— There are no definite respiratory or 
excretory organs, but gaseous exchange of O, anè СО, in respiration, 
and removal of nitrogenous wastes, mostly ammonia, takes place 
threugh the body wall over the whole surface of the body. 

Regeneration—Hydras have great powers of replacement of lost 
parts; this power of developing lost parts is called regeneration. Ifa 
hydra is cut transversely into two parts, the lower half will grow 
tentacles and mouth, and the upper half will form the lost lower 
portion. Even a small part of hydra, provided it contains both 
layers, will grow and become an entire animal. If the *head' or anterior 
end is cut off, a new head will be formed. 


If a hydra is cut transversely into three equal parts called A, B, 


Fig. 237 Regeneration. 


and C, it will be seen that these parts will gradually regenerate. 
The anterior part A will acquire a foot, the middle part B will 
regenerate a mouth and tentacles at one end and a foot at the other 
end, the posterior part C will acquire a mouth and tentacles. 
Grafting—Parts of two hydras can be grafted together pro- 
vided they belong to the same species, Chlorohydra virridissima i8 
а green hydra because it contains green-coloured symbiotic algae in 
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its cells. If these algae are removed, the green hydra becomes white. 


If a green and a white hydra are cut 
transversely into two parts each, and 
the upper half of the green hydra is 
grafted on the lower half of the white 
hydra (or vice versa), then the two 


grafts will grow into a single animal. . 


A bud arising from the junction of 
green and white parts will be green and 
white, because about half of it has 
come from the green graft and half 
from the white portion. 
Reproduction—1. Asexual repro- 
duction by budding takes place in 
hydras during summer when food is 


Fig. 239 Hermaphrodite Hydra. 
2. Sexual reproduction—Most hydras are dioecious, e.g., the 
brown Hydra, Hydra oligactis, in which the female bears one or two 


Fig. 238 Grafting 
plentiful. Reserve food collects in some gastrodermis cells, then at 
this point both epidermis and gastrodermis grow rapidly and are 


pushed out, forming a protu- 
berance or bud, the bud 
becomes hollow by the exten- 
sion of enteron inside. The 
bud grows in size. Distally 
tentacles grow one by one, 
and a mouth is formed bet- 
ween them.  Gastrodermis 
cells unite at the base of the 
bud to separate the enteron 
of the bud from that of the 
parent and epidermis grows 
over this part to form the 
foot; now the bud separates 
from the parent and it mig- 
rates towards the surface of 
water and stays there for a 
few days, then it gets atta- 
ched by its basal disc. The 
bud always arises at the junc- 
tion of the stomach and stalk. 
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ovaries, but the male which is smaller than the female has one to 
eight testes which are round, with no nipple. But some hydras are 
hermaphrodite, e. g., Chlorohydra virridissima (green hydra) in which 
there are one to several conical testes, each with a nipple; they are 
borne on the distal end of the stomach and are formed earlier. The 
proximal part of the stomach has one or two ovaries which arise 
later. Gonads always arise only on the stomach of both monoecious 
or dioecious forms. Gonads are temporary organs formed during the 
breeding season, which is during early winter after the rains. 

, Testes are formed by multiplication of interstitial cells of epidermis 
on any region of the stomach. These interstitial cells are spermato- 
gonia and they stretch and push out the epidermis cells to form a 
swelling called testis. The testis is round in Hydra oligactis, but in some 
other hydras it may be conical, often with a nipple for the exit of 
sperms. Spermatogonia divide repeatedly and undergo two maturation 
divisions, one of which is a reduction division, thus forming many 
spermatozoa. The spermatozoa escape from the testes and swim about, 
they are formed before the eggs to prevent self-fertilization. This 
maturation of male germ cells before the eggs is spoken of as protan- 


Fig. 240 Hydra ойрасіз. A—male. B—female. 
drous condition. Ovaries arise like testes by multiplication of inter- 
stitial cells of epidermis, generally on the lower part of the stomach. 
The ovaries have around shape. One of the cells in the ovary becomes 
large by engulfing other cells or by fusion with other cells, this large 
cell is an oocyte or oogonium, it undergoes two maturation divisions 
to form a single ovum and two polar bodies. The large ovum is 
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surrounded at first by a 
layer .of epidermis. cells 
which eventually burst and _ 
the ovum becomes naked ^ ` 
on all sides except where it 
is attached to the hydra 
by an epidermal cup. Each 
ovary produces а ,succes- 
sion of eggs, one at a time, 
butin some hydras a num- 
ber of eggs ripen simulta- 
neously. The mature ‘egg 
must be fertilized Бу a 
sperm within two hours, 
otherwise it perishes. 

The fertilized egg or 
zygote develops for some - 
time on the body of the 
parent. Zygote divides to 
form a hollow blastula. It 
has a fluid filled cavity, the 
blastocoel, bounded by a 
single layer of cells or blas- 
tomeres. Blastula is then ` 
Converted into a two layered Fig. 241 T.S. (part) of Hydra 
gastrula by the migration through mature gonads. 
of some cells that leave the surface and come into the blastocoel 
from all directions. Some more cells pass into the blastocoel as 
a result of tangential divisions of some blastomeres. This mixed 
immigration results in the formation of a solid or. stereogastrula, or 
a non-flagellated planula larva. The outermost layer of cells of the 
gastrula are ectoderm cells and those filling the interior are endo- 
derm cells. Ectoderm cells now secrete a rough-surfaced, hard yet 
Pervious coat, the theca, on the outside. The embryo now drops 
from the mother’s body. The theca protects the gastrula from 
adverse conditions of the environment. In this condition the embryos 
May be blown by the wind or carried on the feet of water-birds. The- 
cated embryos are, thus, а; means of dispersal too. 1 

When favourable conditions return, theca absorbs water, it swells 
Up and cracks, In the meantime, a split occurs in the endoderm, 


A.B.—24 
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GASTRODERM ^ . 


Fig. 242 1—Ovary; 2, 3, 4—formation of ovum. 


POLAR ECTODERM 
eLASTOCOEL IMMIGRATION 


. (С) Gastrula 
(A) Blastula (B) Gastrulation rA v GENTIAL ENDODERM 
DIVISION 
; T 
ENDODERM FCTORERM 


YOUNG HYORA 


XU 


3 (F) Young Hydra emerging 
(D) T. S.Gastrula (E) Encysted Gastruta from theca 


Fig. 243 Stages in the development of Hydra. 
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the gap thus formed becomes the coelenteron. A mouth and four 
buds of the tentacles develop at one end of the elongated embryo 
which slowly creeps out of the theca. More tentacles appear as the 
young hydra grows. 

Associations of Hydra—Gastrodermis cells of green hydra, Chloro- 
hydra virridissima, contain tiny unicellular green alga, the Zoochlorellae 
in large numbers. The alga is passed from generation to generation 
through the eggs. Alga has chlorophyll so makes its food by photot 
synthesis, but receives a supply of CO, and nitrogen from the hydra; 
in return the alga gives oxygen for the respiration of hydra; the hydra 
probably also uses dead alga as food. An association of two different 
organisms living together is called symbiosis, while an association 
between two organisms in which both benefit is called mutualism. 

Division of labour—The cells of hydra form continuous layers and 
may be regarded as epithelia. There are different kinds of cells but the 
differentiation of tissues is on a very low level in hydras. Hydra may 
be compared to a colony of Protozoa in which special functions have 
been assigned to various cells, thus there is a division of labour in the 
various parts of the body. The epidermis is mostly protective, mus 
cular, reproductive and sensory; furthermore nematocysts are used for 
defence and obtaining food, and also for locomotion. The epidermis 
of basal disc is glandular and its central part can also produce gas. 
The gastrodermis is digestive, secretory, vascular, muscular and also 
sensory. The enteron has a double function of digestion and circula- 
tion. The tentacles are used for obtaining food and for locomotion. 
The mouth serves for ingestion of food and egestion of waste. All 
this division of labour is possible because hydra is beginning to show 
differentiation of its body into various parts. Therefore, it is said that 
a physiological division of labour is correlated with a morphological 
differentiation of structure and this principle is well illustrated by hydra. 

Obelia—a trimorphic colonial hydroid 

Obelia is a small tree-like branching colony of light brown colour. 
It is found in all seas and is attached to the surface of sea weeds, rocks, 
and wooden structures. The colony arises from a hydra-like indivi- 
dual which undergoes budding repeatedly, the buds do not detach and 
thus a plant-like colony is formed. A colony consists of a horizontal 
thread-like tubular root called hydrorhiza; the hydrorhiza is attached 
to some submerged marine object. From the hydrorhiza arise several 
vertical branching stems about 3 cm. long, each stem 1s known as а 
hydrocaulus (plural —hydrocauli). The hydrorhiza and hydrocauli are 
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hollow tubes. Each hydrocaulus bears zooids or polyps of two kinds 
on either side in a cymose formation. These polyps are feeding zooids 
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* Fig. 244 Obelia sp.—(A) a part of the colony. 

; (B) a T. S. of the main stem. Ё 
and reproductive zooids. Each feeding zooid has а stem and a termi- 
nal head called a hydranth. The polyps feed by capturing minute 
animals.’ Feeding polyps are hydra-like; above the hydranth is a coni- 
cal manubrium or hypostome which has a mouth at its free end; at the 
base of the manubrium is a circle of 24 to 30 solid tentacles, below the 
manubrium is the stomach region of the zooid. The hydranth and its 
manubrium are hollow. At the growing ends of main hydrocauli are 


immature club-shaped feeding zooids. Towards the lower part of 
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each hydrocaulus and in the axils of the feeding zooids are reproductive 
zooids called blastostyles. A blastostyle is club-shaped and hollow; 
it has no mouth, no tentacles, but it terminates in a swollen disc. 
Blastostyles are found in older colonies. 

The zooids of both types and their tubular connections constitute 
the coenosarc, and its hollow cavity is the enteron or gastro-vascular 
cavity which is a continuous space common to all the parts of the 
colony. Digested food is distributed in solution through the enteron. 
The entire colony is covered externally by a tough, yellow, somewhat 
transparent chitin called. perisarc. The perisarc is secreted by the 
ectoderm cells of the coenosarc. The perisarc constitutes the exoskele- 
ton and it covers the hydrorhiza,thydrocauli and their branches, and 
at the base of each feeding zooid it forms a clear wine glass-shaped 
covering called a hydrotheca. The hydrotheca has a shelf across its 
base which supports the hydranth; the hydranth can contract and 
withdraw into the hydrotheca. The perisarc around a blastostyle is 
known as gonotheca; the blastostyle and its gonotheca are together ` 
called a gonangium. In a mature gonangium the gonotheca has a 
terminal mouth. The perisarc is the exoskeleton; at first it is attached 
firmly to the coenosarc, but on growing thick it separates and is joined: 
to the coenosarc only at intervals by minute projections; at these places 
it gets ringed or annulated. On the blastostyles are several asexually- 
produced buds called medusa buds. The medusa buds eventually mature 
and are then known as medusae. The medusae bear gonads, either 
testes or ovaries. The medusae escape through the mouth of the 
gonotheca by the rupture of the disc of the blastostyle. Thus Obelia 
is a trimorphic colony having feeding zooids, reproductive blastostyles, 
and medusa buds. А Р 

Histology—The histology of Obelia colony 1s basically the same 
as that of hydra. The ectoderm, mesogloea, and endoderm together 
constitute the coenosarc. The polyps, blastostyles, hydrocauli and 
hydrorhiza have an outer layer of ectodermal epidermis, an inner layer 
of endodermal gastrodermis, and between these two layers is a 
thin transparent mesogloea. The coenosarc is soft and hollow, its 
continuous cavity is the enteron. The enteron has a fluid and the 
gastroderm cells are flagellated. Rhythmic contractions of hydranths 
and the flagella cause a current in the fluid of the enteron, so that 
food is distributed to all parts of the colony. The tentacles of polype 
are solid and have no enteron, they have @ single-layered core of 


vacuolated endoderm cells with thick walls. 
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Fig. 245 Structure of the polyp in a vertical section. 


Epidermis has long, conical columnar epithelio-muscular cells; 
the inner ends of these cells are produced into muscular processes 
which run longitudinally. The epidermal cells secrete the perisarc. 
In the epidermal layer are very few interstitial cells, some branching 
nerve cells, and cnidoblasts. The cnidoblasts form nematocysts in 
the basal part of hydranth, then the nematocysts migrate and come 
to lie on the tentacles and manubrium only; other parts of the colony 
have no nematocysts. The nematocysts of Obelia are of only one 
kind called basitrichous isorhizas in which there is an oval capsule, 
there is no butt, the thread is open at the tip and has spines only 
on its base. 

Gastrodermis has long, granular epithelio-muscular cells, their 
muscle processes point outwards and are circular, Gastroderm cells 
have flagella at their inner ends, the flagella produce a current in the 
fluid of the enteron. Gastroderm cells can also form pseudopodia 
for engulfing food. In the gastrodermis are some nerve cells and 
club-shaped gland cells which produce digestive enzymes. The nerve 
cells and their fibres form a nerve net on each side of the mesogloea; 
the two nerve nets are interconnected. The mesogloea is a thin jelly- 
like substance without cells. 

Medusa—The medusa is a modified zooid; it is produced as 4 
hollow bud from the coenosarc of the blastostyle in summer and 
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Fstyle. When mature it breaks free and escapes from the mouth of the ` 
xonotheca, it then becomes free-swimming in.the surface waters of- 


| 

| spring. Itis attached by the middle of its convex surface to the blasto-. 

| , - 
| 

| 

| 

| 

| MANUGRIUM 

| 


Fig. 246 Sub-umbrellar view of hydromedusa (young): 


d about 1 mm in diameter. It has 


the sea. A medusa is circular an А 
its outer convex surface is called 


an umbrella-like or saucer-like shape, { 
the ex-umbrellar side, and the inner concave surface is the sub-umbrellar 


side. From the centre of the sub-umbrella arises a short, tubular 


manubrium which has a square mouth at its apex. The mouth leads 


into the cavity of the manubrium known as the enteric cavity. From 


the enteric cavity arise four narrow radial canals which are delicate 


ciliated tubes running to the margin of the umbrella, where they join a 
de and along the margin of the 


` umbrella, The enteric cavity and the canals represent the enteron which 


distributes food. Projecting from the middle of each radial canal is a 
gonad. Since medusae have separate sexes, 
or four ovaries. The gonads are ectodermal 


after the medusae escape from the gonotheca. ) a 
is produced inwards as a thin fold called a velum. The velum is cha- 


racteristic and well developed in the medusae of class Hydrozoa, but — 


`~ 
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it is poorly formed and insignificant in Obelia medusa.. From the edge 
of the umbrella hang numerous small solid tentacles. The tentacles · 
have swollen bases called bulbs, the bulbs are due to.an accumulation 
of interstitial cells which are practically absent from other parts of 
the medusa. The interstitial cells -of the bulbs form nematocysts 
continuously; nematocysts are abundant on the tentacles and manu- 
brium, there may be some on the edge of the umbrella. The gastroderm 
of the bulbs secretes digestive enzymes. Below each bulb of a 
tentacle is a tiny fluid-filled vesicle. The epidermis near the bulbs 
has pigment granules which are often called ocelli; it was once 
claimed that ocelli were sensory to light, but now it is believed that 
there are no ocelli, and the pigment granules are really accumulated 
excretory matter. 

There are eight marginal sense organs called statocysts; they are 
attached to the bulbs of eight tentacles at regular intervals, two in each 
quadrant. А statocyst is а circular vesicle lined with epidermis and 
filled with a fluid containing calcareous granules called otoliths which 
lie in a special statolith cell. The lining of the statocyst has some 
sensory cells having sensory processes on which the otoliths produce 
a stimulus. Statocysts are organs of equilibrium. Swimming of the 
medusa is brought about by muscles; if the medusa becomes tilted 
or turned, the statocysts transmit a stimulus te muscles to right 
the position of the medusa. The free-swimming of medusa is an 
adaptation for the dispersal of gametes in a fixed form. 

Medusae of Obelia are capable of emitting light, the chemilumine- 
scent substance in them is known as obelin. 

Histology of medusa—The epidermis covers the medusa on all sides; 
its epithelio-muscular cells have muscle processes which run longitudi- 
nally in the manubrium and tentacles. In the sub-umbrella the muscle 
processes are very large, they form a circular muscle and some radial 
muscles which bring about swimming movements. In the ex-umbrella 
the epidermal cells have no musculature. The gastrodermis has 
ciliated epithelial cells with no muscle processes, it lines the enteron. 
It has some digestive gland cells. Between the two layers of epider- 
mis is an endoderm lamella except where the enteron lies. The endo- 
derm lamella is formed by fusion of the upper and lower layers of 
endoderm of the developing medusa. Between the epidermis and 
gastrodermis of the ex-umbrella and sub-umbrella is a thick meso- 
gloea forming the bulk of the medusa, its manubrium and tentacles. 
The tentacles have a solid layer of gastrodermis with no enteron. 
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The insignificant velum has two layers of epidermis enclosing a thick 
mesogloea, it has no gastrodermis. 


ECTODERM 
ENDODERM 
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RADIAL CANAL 
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Fig. 247 V.S. of hydromedusa 
(A) through a per-radius. (B) through an inter-radius. 

Nervous system—Nerve cells and nerve fibres form a nerve net 
on each side of the mesogloea, but they are specially concentrated ini 
the margin of the umbrella where they form two nerve rings—one above 
the base of the velum and the other below it. The upper nerve ring i 
controls the muscles of the sub-umbrella. 

Polyp and medusa compared—A polyp is a sedentary and sessile 
individual with a somewhat cylindrical body having & thin body wall 
made of two layers separated by a thin mesogloea. At its free distal 
end there is a mouth, below which is a hypostome or manubrium, 
below the manubrium is a circle of extensible tentacles directed upwards. 
On the other hand, a medusa is a free-swimming form having a cir- 
cular saucer-shaped or umbrella-shaped body; great widening of the 
body has taken place. Between its two layers is a gelatinous meso- 
gloea which has increased in quantity pushing the two endoderm 
layers together to form a two-layered endoderm Jamella all over 
except along the enteron and canals. The solid tentacles hang down- 
wards from the margin of the umbrella. The medusa bears gonads, 
its muscular system is highly developed for swimming, the nervous 
System is well formed, and it has eight sense organs. 

But in spite of all the above differences, the polyp and the medusa 


are homologous, and а medusa can be derived theoretically from a 


polyp. The manubrium and the mouth are homologous in both; 
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the base of the polyp correspends with the apex of the ex-umbrella 
of the medusa. If a polyp is pressed down so as to reduce its oral- 
aboral axis, and it is expanded radially with the tentacular region 
pulled out into a disc, and the disc is bent downwards into a saucer, 
then it will form a medusa-like body with a double wall to the entire 
saucer, the narrow space between the two walls being the enteron 
lined with endoderm (Fig. 247). If, now, the two walls grow together 
so as to form the endoderm lamella, except along four radial canals 
and a circular canal, then the actual structure found in the medusa 
world be produced. However, this theoretically formed medusa- 
like structure would be devoid of a velum and gonads. 

Hydra and Obelia—Hydra is a solitary fixed polyp with no free- 
swimming stage, even its planula larva is enclosed in an embryonic 
theca. Its body is covered with a soft cuticle and it bears a few hollow 
tentacles, it has nematocysts all over. Hydra bears only temporary 
gonads on the polyp. But Obelia forms a trimorphic colony, and it 
has a free-swimming medusa stage in order to spread the gametes widely. 
Its body is covered by an exoskeleton of stiff chitinous perisarc and it 
bears many solid tentacles, it has nematocysts only on the tentacles 
and manubrium of the polyp and medusa. It has permanent gonads 
on the medusa. 

Reproduction—Medusae are dioecious; they have either four testes 
or four ovaries in the sub-umbrella just below the radial canals. A 
gonad has an outer epidermis, an inner gastrodermis, and mesogloea 
between the two layers, a small diverticulum of the radial canal extends 
into the gonad. In Obelia, germ cells are not formed by the gonads, 
but the germ cells are formed from interstitial cells of the ectoderm 
of blastostyles, where they may be seen in various stages of maturation; 
then the germ cells migrate into the medusa buds, finally through the 
radial canals they come to lie in the epidermis of gonads. The germ 
cells mature and the gonads rupture; spermatozoa and ova from 
different medusae are discharged externally into the sea-water where 
cross fertilization occurs. 

Development—The fertilized egg or zygote undergoes repeated 
cell division or cleavage to form a hollow ball of cells called a blastula. 
The blastula has a single-cell thick wall inside which is a blastocoel 
cavity. Then seme cells leave the surface and migrate into the blas- 
tocoel, eventually filling it completely to form a gastrula called 2 
planula larva. The planula has an outer layer of ectoderm cells which 
soon become ciliated, and an inner solid mass of endoderm cells. The 


4 
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planula leads a free-swimming life, but after a short time it settles down 
on some solid object in the sea by its broader end, then the endoderm 
splits to form an enteron cavity. The upper free end of the planula 
forms a manubrium with an apical mouth. Soon four tentacles arise 
below the manubrium, and then a circle of tentacles is formed. Thus 
a simple polyp called hydrula is formed. From the attached end or 
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Fig. 248 Development of the embryo of Obelia. 


base of the hydrula arises an outgrowth called a stolon. The stolon 
begins to spread out and is then known as a hydrorhiza. Buds arise 
from the hydrorhiza which soon form hydrocauli and new polyps, thus 
an Obelia colony is formed. er 

Metagenesis—In the life-history of Obelia it is seen that the colony 
is asexual and it produces polyps by asexual budding. The blasto- 
styles which have been formed by budding give rise to medusae by 
asexual budding. The medusae do not reproduce their own kind but 
they give rise to the colony sexually. Thus an asexual polypoid 
generation alternates with a sexual medusoid generation. This kind of 
‘alternation of generations’ in Cnidaria is called metagenesis. _Meta- 
genesis implies that the animal exists in two distinct and different 
forms which alternate regularly in the life-cycle of the animal. 

But in Obelia there is no alternation of sexual and asexual genera- 
tions, The medusa is a modified zooid which 1s free-swimming to 
enable the dispersal of gametes, this is very important for a sedentary 
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animal. The gametes or germ cells found in the gonads of the medusa 
have actually arisen in ‘the ectoderm of blastostyles. Thus it is 
impossible to say as to. which is a ‘sexual generation’ and which an 
‘asexual generation’. Obelia. shows polymorphism in which the 
polyps are for feeding the colony, the blastostyles are for asexual 
budding of medusae, and the medusae are for dispersing the gametes. 
Thus, according to the modern view, there is no metagenesis, but the 
life-cycle is a continuous process from the egg to the sexually mature 
adult medusa; the polyp is incapable of sexual development, though 
it undergoes asexual reproduction. Hence the continuous life-cycle 
of Obelia is : 

gametes — zygote — planula larva — colony of polyps — 
sexual medusae — polypoid colony. 


Questions 
Name some common species of Hydra. 


2. Where should you look for hydras in the pond? 
3. Differentiate between : 


(a) ectoplasm and ectoderm. (b) endoplasm and endoderm. 
(c) mesogloea and mesoderm. (d) epidermis and gastrodermis. 
(е) oral cone and basal disc. 

(f) cnematoblast and nematocyst. 

Which cells of hydra have myonemes? 

Which cells can make a hydra long and thin? 

In which part of hydra nematocysts are most and where least? 
Which cells give rise to new namatocysts? 

Which nematocysts paralyse the pre i 

surfaces such as ҮЕ on the Bea of the, Es s ur 
How is a nematocyst triggered? What is a cnidom? 
What kind of nervous system the hydra has? 


What is the food of hydra; what are th д ЕР 
of food? е steps in the digestion 


p 
. 


rough 


Loo рг 


а ры 


12. What is the difference between somersault i d 
cuttle fish locomotion in hydra? ersault locomotion an 


13. How can a hydra multiply with i 
Tece DEO y ? р!у out actually undergoing repro- 
14. What position do the testes occupy in a bisexual hydra? 
15. What makes a green hydra green? 
16. Where fertilization takes place in hydra? 


17. What is the basic difference between the gastrulation in frog’s 
egg and an egg of hydra? 
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- In what way does the polyp of obelia differ from its gonangium? 


Of what use is the регіѕагс to the polyp, and statocyst to 
medusa? } ) ; 
Why obelia is said to be a ‘colonial form' and: trimorphic? 
How does.a planula differ from amphiblastula? - - 

Is metagenesis, the same as metamorphosis? If not, why? 
Describe the histology of hydra. ` 

Give an account of the gonads and sexual reproduction in 
hydra. 


Compare and contrast hydra with the polyp of obelia. - 
. Nematocyst that is cork-screw shaped after detonation is 
known as— `' 
(a) penetrant, (b) volvent*, 
(c) glutinant, (d) stenotele. 
Most sensitive part of a cnidoblast is the— 
(a) lasso, (b) capsule, 
(c) cnidocil*, (d) operculum. 
Alga that is associated symbiotically with green hydra is known 
as— 
(a) Ulothrix, (b) Zoochlorellae*, 
(c) Zooxanthellae, (d) Chlamydomonas. 


The ability of replacing lost parts is : 
regeneration* / reproduction / budding. 

Obelin is— 

(a) a hormone present in the obelia colony. 

(b) a chemiluminescent substance found in the medusae of . 
obelia*. : 

(c) an enzyme found in the polyps of obelia. 

Check in the true statements as 4/ : 

(a) cnidoblasts cannot be used more than once. 

(b) cnidarians are diploblastic. 

(c) mesogloea is a cellular layer. 

(d) cnidoblasts are independent effectors. 

(e) real corals are cnidarians. 

Hydra is negatively chemotropic because it— 

(a) moves away from strong light. 

(b) prefers weak illumination. 

(c) moves to waters of lower temperature. 

(d) avoids chlorinated water*. : 
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Tentacles of hydra help in ; food capture/ locomotion/ none of 
these/ both of these*/ digestion. (CPMT-1985) 


Which has no skeleton whatsoever : butterfly/ sponge/starfish/ 
jellyfish*. (CPMT-1985) 
Cells of hydra which possess flagella and also form pseudopo- 


dia are : epitheliomuscular / secretory / sensory / epithelionutri- 
tive*. (CPMT-1986) : 


Which of theseis bioluminiscent : Physalia/ cuttlefish/ jellyfish*/ 


_ all of these. (CPMT-1986) 


Which process does not occur in hydra : regeneration/ segmenta- 
tion*/ fertilization/ intracellular] digestion/. (CPMT-1984) 
Hydra is one of the : coelomates / acoelomates* / pseudocoelo- 
mates/ haemocoelomates. (CPMT-1988) 

Mesogloea of hydra is : 

(a) acellular and cannot be crossed by cells, 

(б) acellular and can be crossed by interstitial cells,* 

(c) cellular and contains mesenchyme cells, 

(d) cellular and gives rise to germ cells. (PMT—1990). 
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TRIPLOBLASTICA 


CHAPTER 2 2 


PLATYHELMINTHES 


Hiper. 


Platyhelminthes (platy— flat; helminth— worm) include triclads, 
flukes and tapeworms. They have dorso-ventrally compressed bodies, 
are bilaterally symmetrical and triploblastic. The mesoderm forms 
muscles, reproductive organs, and a type of connective tissue called 
parenchyma which fills the body cavity, so that there is по coelom. 
The excretory system is of closed type. There is no anus generally, 
and the tapeworms have given up the digestive tract entirely. There 
is no true metameric segmentation. 


Fasciola hepatica (Liver fluke) 
Fasciola hepatica is a parasite in the liver and bile duct of sheep, 
ORAL SUCKER 


ORAL SUCKER GONOPORE 
HEAD LOBE 
ACETABULUM GONOPORE 
ACETABULUM 
є 
EXCRETORY 
PORE 


EXCRETORY PORE 


LJ LJ G і, 
Fig. 249 A—Fasciola hepatica. Be anise тее 
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goats, and cattle. Another Indian species, Fasciola gigantica, is more 
common inthe cattle. It is leaf-shaped, about 25 to 30 mm long, and 
has a triangular cone or head lobe at the anterior end. There are two 
muscular suckers, an oral sucker at the anterior end enclosing a mouth, 
anda larger ventral sucker or acetabulum behind the head lobe on the ven- 
tral side; suckers are muscular cups for attachment to the host by vacuum. 
Anterior to the acetabulum is a genital aperture or gonopore ventrally. 
Body wall—A tough resistant cuticle covering the fluke has now 
been shown to be a living layer called tegument. It consists of syncy- 
tia! cytoplasm formed as extensions of the cuticle-forming cells lying 
deep in the body wall. Tegument contains endoplasmic reticulum, 
vacuoles, mitochondria, pinocytic vesicles and hard spines or scales. 
Next to the tegument is a layer of voluntary muscles arranged in three 
sub-layers : a layer of circular muscle fibres immediately beneath the 
basement membrane separating the muscle layer from the tegument, 
a layer of longitudinal muscle fibres and a layer of diagonal muscle 
fibres. Muscle layer is followed by a layer of large and branched 
tegument secreting cells. The branches of these cells reach the tegument 
and deliver the materials of which the tegument is made. These 
secretory cells lie in a sort of connective tissue called parenchyma. 


ENDOPLASMIC RETICULUM 
TEGUMENT 
MITOCHONDRIA 
BASEMENT MEMBRANE 
CIRCULAR MUSCLES 


E EE. 
LONGITUDINAL MUSCLES 


DIAGONAL MUSCLES 


TEGUMENT 
SECRETING CELL 


MITOCHONDRIUM 


NUCLEUS 


es 
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Fig. 250 Fasciela—T. S. of body wall. 
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Digestive system—The oral sucker encloses a ventral mouth which 
leads into a funnel-shaped mouth cavity, followed by a round mus- 
cular pharynx with thick walls and a small lumen. The pharynx has 
pharyngeal glands. There is a short, narrow oesophagus leading into 
an intestine which instantly 
divides into two branches or 
caeca, each running on one РААНУНЗА, 
side to the posterior end, 
ending there blindly. The ~ 
caeca give out a number of ` 
diverticula, the median ones — 
are short, and the lateral di- 
verticula are long with many 
branches. There is no anus. 

The anterior part of the 
alimentary canal up to the eiverricura 
oesophagus is lined with 
cuticle and serves as-a Suc- 


MOUTH 


OESOPHAGUS 


ACETABULUM 


INTESTINAL 
САССА 


is lined with endodermal 
columnar epithelial cells. 
The fluke feeds on bile, 
blood, lymph, and cell debris 
which fill its intestine. The ЕЕ: 25] Fasciola hepalica— digestive system. 
extensive diverti- 
cula of caeca 
transport food 
and serve the func- 
tion of a circula- 
SECRETORY | tory system. 
DROPLETS Excretory sys- 
CELL LUMEN tem—There is an 
pROTOPLASMIG excretory pore at 
RAMIFICATIONS the posterior end 
from which arises 


NUCLEUS 
BASAL GRANULE 


FLAGELLA a longitudinal ex- 
cretory canal 
47 INTRACELLULAR which divides into 


‘ four main br-an 
ches, two dorsal 
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and two ventral; the branches subdivide into numerous small capilla- 
ries which anastomose; the capillaries end in flame cells. The longi- 
tudinal excretory canal is non-ciliated, but the capillaries are lined with 
cilia. The flame cells are characteristic, each is highly branched and 
contains a nucleus and a cavity with several long flagella arising from 
basal granules, the flagella are constantly flickering like a flame. Liquid 
waste is absorbed from surrounding tissues and flagella cause the flow 


of waste to the excre- 
tory pore by hydrosta- 
tic pressure of flame 
cells. Such an excre- 
tory system of flame 
cells and canals with 
no internal opening 
and leading to an excre- 
tory pore which opens 
to the exterior is spoken 
of as a closed or proto- 
nephridial system. This 
system removes wastes 
but its main function is 
to regulate the amount 
of fluid in the animal 
(osmoregulation). 
Nervous system—A 
nerve collar surrounds 
the oesophagus, it has a 
pair of cerebral ganglia 
laterally and a ventral 
ganglion below the oeso- 
phagus. Small nerves 
are given out anteriorly 
from the ganglia. Poste- 
riorly three pairs of 
longitudinal nerve cords 
arise from the ganglia— 
they are a dorsal, a 


FLAME CELLS 


CAPILILARIBE 


EXCHETORY PORE . LONGITUDINAL 
EXCRETORY CANAL 
Fig. 253 Fasciola—excretory system. 


lateral, and a ventral pair of nerve cords. The lateral nerve cords are 
best developed and they run to the posterior end. Nerve cords aro 
connected by transverse commissures and they give out many small 
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branches, some of which form plexuses. The nerve cells are mostly 
bipolar. Due to parasitic life complex sense organs have lost. 
Reproductive system—Flukes are mostly hermaphrodite but cross- 
fertilization takes place. The male organs of Fasciola consist of two 
highly branched tubular testes, one behind the other in the posterior 
middle part of the body. A vas deferens arises from each testis. The 
two vasa deferentia run forwards and unite near the acetabulum. 
The common vas deferens opens into a vasicula seminalis (or seminal 
vesicle) which leads into an ejaculatory duct running through a mus- 
cular cirrus (penis), which opens by the male genital aperture situated 
into a genital atrium (Fig. 254). Opening into the ejaculatory duct 
are several unicellular prostate glands. The genital atrium opens exter- 
nally by a gonopore lying ventrally in front of the acetabulum. The 
cirrus can be everted through the gonopore during copulation. A 
bag-like cirrus sac encloses the seminal vesicle and the cirrus. 
VENTRAL Female organs have a single 


GANGLION 


CEREGRAL 
GANGLION 


COLLAR 


LATERAL 
NERVE CORD 


Fig. 254 Fasciola—nervous system. 


duct runs forwards and joins the 
is a mass О 


glands). The secretion of Mehlis' 


and at this junction 18 


Певрз in the uterus and pro 
tion of oviduct and vitelli n 
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tubular ovary in the anterior 
region lying to the right of the 
middle line, it leads into an ovi- 
duct. On both lateral sides and 
also behind the testes are nu- 
merous follicles constituting 
the vitelline glands (yolk glands) 
which produce albuminous 
yolk, The vitelline glands of a 
side open into а longitudinal 
yitelline duct. A transverse 
vitelline duct takes off from the 
longitudinal vitelline duct. The 
transverse vitelline ducts of the 
two sides join in the middle to 
form a common Or median 
vitelline duct which has a swollen 
yolk reservoir at its commence- 
ment. The common vitelline 


oviduct to form an ovo-vitelline duct, 
f unicellular Mehlis’ glands (shell 
glands lubricates the passage of 


bably. hardens the egg shells. | The junc- 
ide has a swollen ootype in flukes in 
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Fig. 255 Fasciola hepatica—reproductive organs, 


which the parts of an egg are assembled and the eggs are shaped, 
but an ootype is probably lacking in Fasciola hepatica but present in 
Fasciola gigantica. From the junction of oviduct and vitelline duct 
arises a wide convoluted uterus having numerous shelled eggs, it 
opens into the genital atrium on the left side of the male genital 
aperture. A uterine valve shortly after the origin of the uterus, 
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Кың VITELLINE CELLS 
jola giganti i d ducts. 
Fig.256 Fasciola gigantica—genital organs an u 
i ili ds into the uterus. 
Probably helps squeezing the fertilized eggs onwar e 
The feet part of the uterus has muscular walls and is called 
metraterm which ejects the eggs. From the oviduct arises a Barro 
Laurer's canal; it runs vertically upwards and opens on the doal 
Surface, it is a vestigial vagina and serves a5 а copulation, canal; 
the penis is inserted generally from amiba Pie into the aurer's 
canal and sperms are deposited in the oviduct. m. 
Life-history Eggs аге fertilized in the oviduct, the fertilized eggs 
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receive yolk cells from vitelline glands and they get enclosed in a chiti- 
nous shell formed by some yolk cells; the shell hardens and becomes 
dark; the shell has an operculum or lid. OPERCULUM 

Mehlis’ glands play no role in the forma- 
tion of the shell. The completed eggs are 
called capsules and they pass into the uterus 
where development starts. Capsules come 
out of the gonopore into the bile duct of 
the sheep, they reach the intestine and are 
passed out with the faeces. The capsules 
which fall in water or damp places will 
develop at about 21°C. Capsules are 
produced throughout the year, and one Fig. 257 Egg capsule. 
fluke may produce 500,000 capsules. 

Development starts while the egg is in the uterus and is continued 
on the ground. The fertilized egg divides into a small propagative cell 
and a larger ectodermal cell. The ectodermal cell divides and forms the 
ectoderm of the larva. Later on the propagative cell divides into two 

APIGAL PAPILLA cells, one of which forms the endoderm 

and mesoderm of the larva, and the 

erivenmac Other forms a mass of germ cells at the 
ich posterior end of the larva. This method 
CILIA of development takes place in the for- 
mation of all larval stages during the 
life-history. In two weeks’ time a small 
ciliated miracidium larva is formed and 
it comes out of the shell by forcing the 
operculum. Miracidium larva is covered 
with 18 to 21 flat ciliated epidermal plate- 
like cells lying in five tiers. Anteriorly it 
has aconical apical papilla, and attached 
Fig. 258 Miracidium lara 0 it is a glandular sac with an opening 
(surface view). called apical gland. On each side of the 

apical gland is a bag-like penetration gland. There are two pigmented 
eye spots in the second tier and a nervous system. There is a pair of 
protonephridia, each with one or two flame cells. Towards the posterior 
side are some propagative cells (germ cells), some of which may have 
divided to form germ balls which behave as developing embryos. The 
miracidium swims about in water or moisture film, but it dies in eight 
hours unless it can reach a suitable intermediate host, which is some 
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Fig. 259 Miracidium larva (internal structure). 
pecies of amphibious snails of genus Limnaea ог even TR 
Planorbis. The miracidium adheres to the snail by its apical papilla 
and enters the pulmonary sac of the snail, from where it репе ган 
into the liver with the aid of penetration glands. | Just before pane a- 
tion in the snail’s body, the miracidium drops its ciliated epidermis, 
loses its sense or- - y NL 


gans and it swells 
up and changes 
in shape to form 
а sporocyst. 
Thus, it is the 
young sporocyst 
that passes into 
the snail’s body, 
and not the mira- 
Cidium. A se- 
cond generation 
of miracidium is 
Ieported in some 
Species, The spo- 
TOCyst. is an s 
elongated sac covered with a thin 


.960 Sporocyst in snail. КОЕ 
ae Em below which are mesen- 
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chyme cells and some muscles. The hollow interior has a pair of 
protonephridia, germ cells and germ balls. The Sporocyst moves 
about in the host tissues and its germ cells develop into a third type 
of larva called redia larva. А sporocyst forms 5 to 8 rediae. 


The redia larva is elongated with two ventral processes near the 
posterior end, and a birth pore near the anterior end.: Body wall has 
cuticle, mesenchyme: and muscles, and near the anterior end the 
muscles form a circular ridge, the collar, used for locomotion. Redia 
has an anterior mouth, pharynx and sac-like intestine; there is a pair 
of orotonephridia with several flame cells. Its cavity has germ cells 

Ce, ERNÓ and germ balls. The 
germ cells of redia 
give. rise during sum- 
mer months to a 
second generation of 
daughter rediae, but in 
an e winter they produce 

NEA the fourth larval stage, 
[ the cercaria Jarva. 
PROTONEPHRIDIUM ^ Thus either the primary 

redia or daughter 

redia produce cercaria 

a larvae which escape 

from the birth pore of 

cerm seauu the redia into the snail 

tissues. Each redia 

forms about 14 to 20 

GERM CELL cercariae. A сегсапа 

Fig. 261 Redia from the snail. has an oval body and 

a simple tail; its epidermis is soon shed and replaced by cuticle. 

Below the cuticle are muscles and cystogenous glands. It has rudiments 

of organs of the adult; there are two suckers and an alimentary canal 
consisting of mouth, buccal cavity, pharynx, oesophagus and a bifur- 
cated intestine. There is a bladder with a pair of protonephridial 
canals with a number of flame cells. It also has a primordium of repro- 
ductive organs formed from germ cells. The cercariae escape from the 

birth pore of the redia, then migrate from the liver of the snail into 
the pulmonary sac from where they pass out into surrounding water. 

The time taken in snail, from the entry of miracidia to the exit of 
cercariae, is five to six weeks. 


MUSCULAR COLLAR / 


BIRTH PORE 
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. The cercariae swim about in water for 2 to 3 days, then they lose 
their tails and get enclosed in a cyst secreted by its cystogenous glands. 
The encysted cercaria is called a metacercaria. If the metacercariae 
are formed in water, 


they can live for a ear 
year, but if they are ORAL SUCKER 
formed on grass or 

vegetation, they survive CYSTOGENOUS 


only for a few weeks. GLANDS 


The various larval „„отомеРНЕІОІА 


stages are all formed 
in the same way from ACETABULUM 8 
germ cells which are ` Re 
set aside at the first A 
division. There is thus x 
a distinction’ between 4 


germ cells and somatic RUDIMENTS OF SEX ORGANS 
cells, and germ. cells 
alone form the various 
larval stages. 

- Further development 
of the  metacercaria 
takes place only if it is . . Fig. 262 Cercaria larva. · 
swallowed by the final host, the sheep. But the metacercariae are not 
infective until 12 hours after encystment. In the stomach of a sheep 
the cyst wall is digested by the acidic gastric juice and a young fluke 
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emerges. Before gastric juice can cause any damage to the young 
fluke, the latter slips into the intestine where acid enzymes are neu- 
tralized. Similarly, before enzymes in the intestine act upon the young 
fluke, it bores through the wall of the intestine to enter the body cavity 
of the host. After about three days it enters the liver. Its move- 
ments in the liver mav cause serious injuries. The young flukes stay 
in the liver for seven or eight weeks and then they enter the bile duct 
and bile passages. They have been growing in the liver and after 
several weeks in the bile duct they become sexually mature adults. 
The period of incubation in the sheep is of 3 to 4 months. 
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Fig. 264 Life-cycle of Fasciola hepatica. 
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Liver flukes seriously affect the liver of sheep and its functions are 
upset, the sheep get a disease called ‘liver rot’; the animals acquire 
large quantities of water in the body, muscles become weak and young 
sheep die in large numbers. To prevent the spreading of disease the 
infected sheep can be treated effectively with hexachloroethane or 
phenothiazine which destroys most of the flukes. The parasites can 
also be destroyed by killing of the snail, the secondary host. This can 
be done by introducing ducks to pastures which will rapidly reduce 
the snail population, and by draining the pastures because snails can- 
not survive for long in dry areas. 6 

Dissemination—Life-history of Fasciola is complicated because 
of parasitism. A sheep harbours about 200 flukes which will produce 
about 100 million eggs. The miracidium larva is free-living and is 
structurally adapted to seek out an intermediate host Limnaea, a snail, 
which is found conveniently in water and damp places in grass in wide 
areas where sheep graze. The sporocyst forms 5 to 8 rediae, each of 
which produces 8 to 12 daughter rediae; each daughter redia forms 


ut a thousand cercaria larvae are pro- 


14 to 24 cercariae; so that abo г 
duced from each egg. From this large number, some cercariae are 
tinuance of the race. 


bound to infect a new sheep, thus ensuring а con | 

Parasitism—When an animal lives оп another organism from which 
it receives food and shelter without any compensation to it, then this 
condition is called parasitism, and the animal which derives advan- 
tages is the parasite. All animals have parasites, hence there are more 


parasites than free-living animals. The habitat occupied by a para- 
site is very different from the environment of its free-living ancestors, _ 
itself to this new habitat or perish. Those 


hence it has either to adapt 1 eri | 
parasites, which are successfully adapted, cause по undue injury to their 
hosts and are called non-pathogenic or commensals. Some parasites are 
not perfectly adapted to life ina host, so they cause diseases, weaken- 
tes are called pathogenic. 


3 t; such parasi 
ing, or even death of the hos the body of a host, they are called 


Parasites may be found outside i 
ectoparasites, aad the others may be found in the gut, body САЛЫ 
blood or tissues of a host, they are called endoparasites. ey have 
to build up resistance to the defences of the host in order te survive. 

Effects of parasitism on Trematodes—Parasitism has its E ects npn 
Structure, modes of obtaining nutrition, кесар ап oan: ef 
Perception. Thus cilia disappear from the еше sur fios ES | ag i k 
protective tegument is formed around the ы. входа аи: 
epidermis аге lost in the adult. Anchorage organs, Ў 
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formed, some of which may possess hooks. The shape of the body is 
changed to a flat leaf-like form so as to enable them to adhere to the 
walls of bile tubes or blood vessels without obstructing the flow of 
bile or blood. The alimentary canal is either extensive as in flukes 
or lost altogether as in the tapeworms, and digestive glands are 
completely lost. The nervous system is poorly developed and sense 
organs have been lost. They have complicated reproductive organs 
which produce a large number of eggs to ensure a continuance of 
the race through hazardous life-cycles; some have an additional multi- 
plicative phase during the life-history, e.g., the sporocyst may divide 
into two by transverse fission; rediae produce daughter SEE which 
give rise to cercariae. 
Schistosoma (=Bilharzia) (The Blood fluke of Man) 
Schistosoma is a digenetic parasite in , the portal and pelvic veins 
of man. It is peculiar - 
in being dioecious, but it 
is found in pairs. The. 
male is thick, 8-16 mm 
long, the sides of its flat 
body are folded to form 
a ventral groove, the gy- 
naecophoric canal, in this 
canal it carries the female 
The female is slender and 
longer, its middle part 
lies in the gynaecophoric GYNAECOPHORIC 
canal but each end pro- GANAT 
jects freely. Body surface 
is rough and spiny and 
both have ventral and 
oral suckers; in the male ' 
the ventral sucker is large 
and powerful. The diges- 
tive tract has no pharynx 
and the two branches of 
the intestine re-unite in 
the middle of the body. 
The male has seven testes 
near the ventral sucker, 
female has an. elongated 
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Fig. 265 Schistosoma haematobium. 
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ovary in the forks of the intestine, and the posterior half is occupied by 
yolk glands. The uterus has a small number of eggs at one time. 

Life-history—The female leaves the male and enters the smaller 
blood vessels and lays eggs, one at a time. Daily 3,000 eggs are laid. 
The eggs work their way into the intestine or bladder and are passed 
out with faeces or urine. In water or diluted urine the eggs hatch into 
miracidium larvae which seek out a snail as intermediate host, the snails 
are different for each species of Schistosoma. In the snail the miracidia 
reach the liver and each forms a sporocyst. Each sporocyst then pro- 
duces 20 to 25 daughter sporocysts. The first generation of sporocyst 
may again produce miracidia which then form a second generation of 
sporocysts. The daughter sporocysts give rise to cercariae, there being 
no redia stage. The cercariae have forked tails and sporocysts keep 
producing cercariae for several months. The cercariae developing from 
one egg will produce flukes of the same sex only, and the females do 
not mature in the host where no male flukes are present. The cercariae 
escape from the snail into water and should they reach man, the final 
host, they penetrate through the skin without encysting, leaving their 
tails behind in the skin, they reach the blood vessels, enter the heart 
and reach the lungs, and finally the liver where they grow and then 
migrate into mesenteric veins. 

Three species of Schistosoma are blood parasites от 
haematobium (Fig. 265) is found in Africa, Israel, Iraq and Portugal; itis 
Specially common in 
Egypt where over 60% 
of the population is 
Infected, Intermediate 
host is the snail of the 
genus Bulinus. 
_ Schistosoma mansoni 
15 found in Africa, 
West Indies, and tro- 
Pical South America. 

termediate host is д 
the snail. of the genus 8. haematobium Ў - 

Fig. 266 Eggs of Schistosoma species.: · 


Р lanorbis. у in China, Japan. and the Philippines 
Schistosoma japonicum is found in ps Oncomelania, 


Its intermediate hosts are snails of the 
Schistosomes cause a disease ш man called ME — 0 
‘bilharziasis characterized by.body pains, rash, cough, dysentery, 


N 
of man. Schistosoma 


S. mansoni ` 
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anaemia; it may prove fatal. *Bayluscid' (Bayer Drug Co.) is an effec- 
tive drug for killing the snails, thus reducing the spread of disease. 


Taenia solium (Pork tapeworm of Man) 
Taenia solium is a parasite in the intestine of man in those parts 


of the world where pork is eaten 
raw or without thorough cooking, 
especially in Europe. (It is long, 
flat, ribbon-like and is of opaque 
white colour. It is 1:80-3:00 metres 
1ойр. ) The anterior end has a 
knob-like scolex, 1 mm. in dia- 
meter with 4 cup-like muscular 
suckers, and an anterior round 
prominence, the rostellum, hav- 
ing hooks in two circles. The 
scolex with its suckers and hooks 
is an organ of attachment to thè? 
intestinal wall of the host. There 
is a small unsegmented neck which 
proliferates proglottides (singular = 
proglottis) by transverse fission 
or budding. The tapeworm is not 
an individual but a chain of many 
false segments (pseudo-metameres), 
the proglottides. The body or 
strobila of a mature tapeworm 
has 800 to 900 proglottides. The 
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Fig. 267 Taenia solium. 

youngest proglot- 
tides are nearest 
the neck, they are 
broader than long 
and devoid of sex 
organs; the middle 
region has squa- 
rish proglottides, 
and in them, first 
the male organs 
develop, next 200 


Fig. 268 Scolex and a hook of Taenia solium. have both male 
and female organs; these are called mature proglottides; the oldest 
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proglottides are towards the end, they are longer than broad and are 
filled with eggs and are called gravid or ripe proglottides. The strobila 
widens gradually alongitslength. The proglottides alternately (usually) 
bear a genital papilla and pore on the right or left margin. (The most 
striking feature is a complete lack of mouth, alimentary canal, and 
anus in all stages of development. They absorb digested food in the 
form of nitrogenous substances from the mucous membrane of the host, 
and also absorb carbohydrates and vitamins as liquids from the alimen- 
tary canal of the host. They store reserve food as glycogen and lipoids.) 
Body wall—What has been till now referred to as ‘cuticle’ in the 
skin of a tapeworm is now called tegument. This is a layer of living 
and syncytial cytoplasm containing endoplasmic reticulum and other 
cell inclusions. C The outer border of „tegument is produced into 
microscopic processes called microvilli. ) Microvilli, it may be recalled, 
are the instruments of ultra-absorption Јава greatly increase the 
surface area for absorption. As in the liver fluke, in the tapeworm, 
too, the tegument is secreted by large, deep-seated and branched 
tegument-secreting cells. Their fine branches reach the tegument 
and deliver the necessary materials. Tegument rests over a thin 
basement membrane. Below it is an outer layer of circular and an 
inner layer of longitudinal muscle fibres. Next to the muscle-layer 
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Fig. 269 T.S. of Tasnia (part) showing body wall: 
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are the. tegument-secreting cells embedded in the parenchyma. The 
layer of these cells is separated from the rest of parenchyma by a 
second layer of longitudinal muscles. (In the parenchyma are round 
calcareous lime gland cells whose secretions probably neutralize the 
acids of the digestive juices of the host.) In the parenchyma is a band 


MEDULLA . UTERUS 


CONGITUDINAL OVARY LIME CELL 
\ MUSCLES 


‘NERVE ( 
TEGUMENT CORD 


TESTES 


CORTEX 


OVIDUCT EXCRE TORY CANAL 


CIRCULAR MUSCLES 
Fig. 270 Taenia—T. S. of proglottis (matute); 

of circular muscle fibres incomplete at the edges; it divides the paren- 
chyma into an outer. cortical and inner 
medullary regions; the reproductive or- bay a aha) 
gans lie in the:medulla. The tegument SANGEION 
is pierced by microscopic tubes, some of 
which receive free nerve endings, others 
connect with the lime gland cells and 
some others. open straight into the 
parenchyma.. Surface pores and the 
tubes into which they lead suggest that 
some substances including fluid food are 
taken directly into the parenchyma. 

Nervous system—There are two 
small ganglia in the scolex connected 
by a broad commissure of slender ner- 
ves. The ganglia send nerves anterior- 
ly to the suckers and rostellum, and 
posteriorly, there are three pairs of longi- Fig. 271 Nervous system 
tudinal nerves, of which the two lateral .  10f Тата 


LATERAL i 
LONGITUDINAL 
NERVES 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


A 


PLTYHELMINTHES 385 


longitudinal nerves are best developed. The lateral nerve runs along the 
entire length of the strobila. Co-ordination of movement is limited, 
though the entire worm can contract at once. Separated gravid pro- 
glottides are sensitive. There are no sense organs. 

Excretory system—There are four longitudinal excretory vessels, 
two on each side along the margins. Two of these are dorsal in 
position and they exist only in the anterior part of the strobila, the 

RING VESSEL other two are ventral and run 
along the whole length. The 
four excretory vessels are joined’ 
in the scolex by a ring vessel, 
and ventral excretory vessels 
are joined by a transverse ex- 
cretory canal in the posterior 
margin of each proglottis. They 
‘are fed by small ciliated 
branches which ramify into 
fine capillaries terminating 
in characteristic flame cells 
found all over in the paren- 
chyma. The long cilia of flame 
cells flicker and maintain a 
hydrostatic pressure by which 
waste is driven into the excre- 
tory canals. The last proglottis 
has а pulsatile bladder or 
caudal  vesicle opening ош 
by an excretory pore, but when 

Fig. 272  Excretory system of Taenia. this proglottis is shed, the 
caudal vesicle is lost and the ventral excretory canals open indepen- 
dently to the exterior. 

Reproductive organs—The main business of tapeworms is the рго- 
duction of myriads of eggs to safeguard the species against extermina- 
tion in the transfers from host to host. 

The anterior proglottides are immature and have no reproductive 
organs; from about the 200th proglottis, the male organs are formed, 
From about 300th to 650th proglottis, there are complete repro- 
ductive organs of both sexes; these are mature proglottides, The re- 
maining proglottides lose the sex organs and have a distended uterus 
filled with eggs; these are gravid proglottides. ~ 
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Male organs consist of numerous testes of many small lobes lying 
scattered in the greater part of the proglottis towards the dorsal side; 
efferent ducts arise from the testes and unite to open into a convo- 
luted vas deferens which passes through a cirrus surrounded by a 


ee 


GENITA 
PAPILLA 


“тб АА о oval 
A Fig. 273 Taenia solium—Reproductive organs in mature proglottis. 
Cirrus sac. The cirrus opens by the male genital pore into a geni: 
tal atrium lying on the margin. The genital atrium opens by a 
gonopore situated on a swollen genital papilla. 

Female organs have a single bilobed ovary with two lobes joined 
by a bridge. The ovary has branching tubules and lies towards the 
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m Fig. 274  Taenia solium—arrangement of ducts. . 
posterior border. The bridge of the ovary leads into an oviduct. 


Posterior to the ovary is a lobular vitelline gland from which arises 
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a vitelline duct to join the oviduct. The junction of the oviduct and 
vitelline duct has a swollen ootype where the parts of an egg are 
assembled and the egg is shaped. The ootype leads into a cylindrical 
uterus lying in the middle of the proglottis but having no external open- 
ing. Many unicellular Mehlis’ glands surround the ootype and open 
into it. The marginal genital atrium has a female genital pore leading 
into a narrow tubular vagina, which runs inwards and dilates into a 
receptaculum seminis which stores sperms, and from which a narrow 
' fertilization duct arises to join the oviduct. The vagina of Cestodes 
is equivalent to the Laurer’s canal of flatworms and the uterus does 
not open into the genital atrium or outside in tapeworms. 2 
Self-fertilization occurs in the same proglottis by insertion of the 
cirrus into the vagina and sperms 
reach the receptaculum seminis from 
where they fertilize the eggs in the 
oviduct. Copulation between diffe- 
rent proglottides of a tapeworm, or 
between different tapeworms in a 
hostis also frequent. Fertilized eggs — >> 
are surrounded by yolk cells from the © GONOPORE |0? 5 
vitelline glands; the yolk cells form 
a shell around an egg in the ootype. 
The completed eggs are called cap- 
sules. The first capsules are seen 
in the uterus between the 400th and Fig. 275 Tasnia solium— | 


500th proglottides. The uterus en- gravid proglottis. 
larges in the gravid proglottides and forms 7 to 10 lateral branches on  , 
each side, and it gets filled with capsules. 
Life-history—It is not as complicated as in flukes. Some gravid 
proglottides are passed out in groups with the human faeces through- 
out the year; these proglottides may show a little muscular contraction. 
HEXACANTH EMORYO Develop ment begins in 4 
— the uterus, the fertilized 
BASEMENT egg divides to form a 
oncosenens, morula which is a solid 
Г MEMBRANE — ball of cells. The outer 
wooKe cells of the morula secrete 
a thick striated coat 
formed of chitin which 
hardens into a secondary 
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Fig. 276 Oncospheres 
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shell or embryophore inside the capsule shell. Lining the embryophore 
is a thin basement membrane. The inner cells of the morula form 
an embryo which acquires 6 chitinous hooks posteriorly; this six- 
hooked embryo is called a hexacanth and is typical of all tapeworms, 
it is enclosed in oncospheral membranes. The hexacanth with its 
primary ‘shell, embryophore, and two oncospheral membranes are 
known as an oncosphere. The gravid proglottides which pass out 
of the host contain embryos in the oncosphere stage. The proglottides 
eventually disintegrate, but the oncospheres remain infective for some 
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Fig. 277 Тата solium—Life-cycle stages. 
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and by gravid proglottides being pushed into the stomach by reverse 
peristalsis, where development starts. In the stomach of a pig, the egg 
shells are digested and hexacanth is released. The hexacanth bores 
through the intestine and enters blood vessels and passes through the 
heart and finally comes to lie in the muscles in any part of the body. 
But hexacanths usually favour tongue, neck, heart, elbow, shoulder and 
ham. In the muscles the hexacanths lose their hooks, increase in size 
and acquire a fluid-filled central cavity, and become encysted in a 
cuticular covering to become cysticerci or bladder worms. The cysti- 
cercus of Taenia solium is named Cysticercus cellulosae. The cysticerci 
are oval, whitish, and about 6 to 28 mm long. Pork containing these 
cysticerci is called ‘measly’, because cysticerci appear as measles. - 
A cysticercus has a bladder wall consisting of an outer cuticle 
and inner mesenchyme, and it is filled with a watery fluid which 
is largely composed of hosts’ blood-plasma. A thickening arises on 
the bladder wall which invaginates as a hollow knob. Inside the 
invagination, suckers and hooks are formed and then it is called 
a proscolex; the suckers and hooks are on the inner surface of the 
proscolex and are inverted, facing its cavity. If insufficiently cooked 
pork, containing cysticerci, is eaten by man, the final host, the bladder 
is digested in the stomach and the proscolex gets evaginated or turned 
inside out, so that the suckers and rostellum come to lie on the outer 
surface as in the adult, thus a scolex and a small neck are formed. 
The scolex anchors itself to the wall of the intestine and the neck buds 
off a chain of proglottides to form a tapeworm which becomes an 


adult in two to three months. 
Taenia saginata (Beef tapeworm of man) 


T. saginata (=Taeniarhynchus saginatus) 
is the commonest large tapeworm of man; 
it is cosmopolitanin distribution. In Tibet, 
Syria and parts of Africa where insufficiently 
cooked beef is eaten, it infects 25% to 75% 
of the population. It has a length of 43 to 
б metres though specimens of 12:2 metres have 
been recorded. The average worm has over vum 
a thousand proglottides which are larger than Fig. 278 Taenia 
those of T. solium. The scolex is 1$ to 2 mm saginata—scolex. 
in diameter, it has four large cone-shaped ae 
suckers, but has ло rostellum and hooks. The reproductive organs in the 
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mature proglottides are the same 
as in T. solium, but the vagina at 
its commencement near the genital 
atrium is surrounded by a sphinc- 
ter muscle. The gravid proglo- 
ttides are 20x6 mm in size and 
are passed out singly and are very 
active; they crawl like caterpillars. 
The uterus in gravid proglottides 
has 16 to 20 lateral branches on 
each side. · 

The intermediate hosts are 
cows and buffaloes. The life-history 
is like that of 7. solium and the 
cysticercus is 7-5 to 10 mm and 
is named Cysticercus bovis. Cysti- 
cerci are most abundant in the 
muscles of jaws, tongue, and heart. 


Echinococcus granulosus 

This is a small tapeworm of 
dogs, cats, and wolves and is 
3 to 6 mm long. It is common 
in Africa, Australia, New Zealand, 
Iceland, Holland, and South 
America. The scolex has four 
suckers and a protrusible rostellum 
with two rows of hooks; there is 
a neck and 3 or 4 proglottides : 
one immature, one or two mature 
and one large gravid proglottis. 
The eggs pass out with the faeces 
of the host and gain access to an 
intermediate host which is usually 
a herbivorous animal like rabbit, 
kangaroo, sheep, and cattle, in 
which the shell is dissolved and 
the six-hooked embryo bores its 
way generally into the liver or 
lungs or sometimes into kidneys, 
spleen, bones, heart, or brain. 
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Fig. 280 Echinococcus granulosus. 
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The young larva changes into a hollow bladder around which the host 
forms an enveloping fibrous cyst wall. This is called a hydatid cyst; 
it produces hollow brood capsules which remain attached by slender 
stalks or fall free into the fluid-filled cavity of the cyst. Sometimes 
due to pressure, hernia-like buds arise from the mother cyst. These 
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Fig. 281 Echinococcus—hydatid cyst. 

are daughter bladders or cysts, the daughter cysts have a fibrous cyst 
wall and a bladder wall, they may arise inside the mother cyst by endo- 
genous budding or externally by exogenous budding. The daughter 
cysts also give rise to several scolices from their inner wall. 

The hydatid cyst has a colourless fluid which may be from 2 to 50 
quarts, but older cysts have a granular deposit consisting of brood 

ee scolices. Я 

амаз sete are finally evaginated in brood capsules, and in endo- 
genous and exogenous daughter cysts, and as soon as they reach the 
final host, a dog, cat or wolf, they develop into adult Echinococcus. 

Hydatid cysts are often enormous and liver is enlarged; in the 
brain or eye they prove fatal. The hydatid fluid contains toxins and 
should it leak from the cyst, eosinophilia results. The parasite reaches 
the primary host by ingesting the flesh of the infected intermediate 
host; Often man is also involved in the life-cycle. It isnot impossible 
that some faeces containing oncospheres are left attached to the anal 
region of the dog (the primary host). Dogs have the habit. of 
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licking and biting their own anal region. Some oncospheres are thus 
carried on the tongue. With the same tongue dogs lick the hands and 
faces of their human masters. Unwashed hands may transfer the 
oncospheres to the food. This way oncospheres reach man and give 
tise to tapeworms. Man cannot become an intermediate host because 
dogs will not get human flesh to pick up infection. 

Tapeworms Cotugnia and Rallietina are found in the intestine of 
pigeons. Cotugnia, 3-6 cm long, has a scolex with four suckers and 
a rostellum with small hooks ; mature proglottids are broad and have 
two*complete sets of reproductive organs. Rallietina, 5-25 cm long, 
hasa scolex armed with hooked Suckers and a high tower-like ros- 
tellum but has a single set of reproductive organs as pork-tapeworm 


of man. In both the tapeworms of pigeon, ectoparasitic insects are the 
intermediate hosts. 


Effects of Parasitism on Cestodes 


The effects of parasitism are much more pronounced on Cestodes 
than on Trematodes. The body of tapeworms becomes flattened like 
a ribbon and they develop organs of attachment like suckers and 
hooks. Organs of locomotion have disappeared completely. A thick, 
several layered protective cuticle is formed which protects the parasite 
from the juices of the host. The ectoderm cel 
disappeared. Cestodes are char. 
mouth, and alimentary canal, si 
the host through their body surfa 


grade of development and sense organs are completely lost. The sex or- 


gans are complicated and well developed, besides which the sex organs 
are repeated in each proglottis, 


: Some have two sets of reproductive 
organs in each proglottis. Thy 


S their main function is production 
of a large number of eggs to ensure against the h 


life-history, which in some cases i 


gravid proglottides without injury to the parasite, 

Physiological adaptations are also indulged in by tapeworms. They 
stimulate the intestine of the host to secrete large quantities of 
mucus which forms a protective envelope around the parasite. They 
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secrete anti-enzymes to neutralize the digestive juices of the host, 
thus they escape being digested themselves. The osmotic pressure of 
the body fluids of a parasite becomes the same as that of the host, to 
prevent a disturbing exchange of water. They carry on anaerobic 
respiration in the gut and obtain their energy by the breakdown 
of carbohydrates (glycogen). 


10. 


11. 
12. 


13. 
14. 


15. 


16. 


Questions 


What characteristic feature of Fasciola and Taenia puts both in 
the Phylum Platyhelminthes? 

What species of liver fluke inhabits cattle in India? 

What is the food of liver fluke of sheep and tape-worm of man? 
What is the significance of the absence of an alimentary canal 
in the tape-worm? 

Why does the liver fluke not need a distinct circulatory system? 
Of what use are the scales in the skin of the liver fluke? 

How does a tape-worm escape digestion in the alimentary canal 
of the host? 

What change do you expect in the physiology of liver fluke if 
its excretory pore is blocked? 

Differentiate between :— 

(a) genital atrium and gonopore. 

(b) seminal vesicle and seminal receptacle. 

(c) cerebral ganglia and brain. 

(d) ejaculatory duct and ovo-vitelline duct. 

(e) vagina and oviduct. 

What structures in the liver fluke answers the vagina of a tape- 
worm? 

What for are the Mehlis' glands? 
What stage of life-history of liver fluke enters the intermediate 
host? 

What is the role of germ balls in the larval stages of liver fluke? 
What purpose does the cercaria stage serve in the life-history of 


Fasciola? 

In what respects is the miracidium more advanced than an 
adult fluke? 

What is most characteristic of the blood fluke of man so far as 
its identification from other flukes is concerned ? 
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What do the suckers of а tape-worm suck? If nothing, what 
purpose do they serve? 


What role do the structures in the integument of a tape-worm 
play in its nutritional needs? 

Name various membranes and coats of an oncosphere of Taenia 
solium ? 

How do the vital stages of the tape-worm dodge the enzymes 
of the alimentary canal of the host ? 

Animal having microvilli on its body surface is— 


(a) the liver fluke, (b) blood fluke, 
(c) tapeworm*, (d) earthworm. 
Outer layer of the body of Fasciola has— 

(a) ciliated epidermis, (b) tegument*, 
(c) cuticle. 

Infection of tapeworm in man is caused by— 
(a) eating adult worms, (b) raw pork*, 


(c) swallowing oncospheres. 

Common tapeworms of pigeon are 

1. 2. 

Flame cells are excretory organs of : leech/ Amphioxus/Ascaris/ 
Taenia and other flatworms*/ sponges/ molluscs. 


(CPMT-1986; BHU-1986) 
Body is unsegmented in: Taenia / Fasciola* / earthworm] 
cockroach. (CPMT-1986) 

Tapeworm has no alimentary canal because : it absorbs nutrients 
from the body surface*/ it does not require nutrients / it feeds 
only when young / none of these. (BHU-1982) 
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The Nematodes are called wireworms or roundworms. They 
have cylindrical bodies with glistening smooth surfaces. They are 
found free living in fresh and marine waters and the soil, they are 


also parasitic in animals and plants. One of the thoroughly studied 
nematodes is Ascaris of man, which is described below : 


Ascaris lumbricoides 


Ascaris lumbricoides is a world- 
wide parasite chiefly of man but 
also in ‘cats; pigs and cattle, lying 
freely in the lumen of the small 
intestine. The human and the pig 
species of ascaris are identical 
morphologically, but are distinct 
physiologically because the infective 
stage of one will not mature in the 
other host, hence the species of 
Ascaris in the pig is referred to as 
Ascaris suum. Ascaris are large- 
sized, the female is 20 to 40 cm but 
the male is smaller being 15 to 30 
cm. Generally Nematodes have no 
colour, but Ascaris has а reddish 
tint caused by the presence ofhaemo- 
globin. The cylindrical body has 
four longitudinal epidermal chords 
visible. externally, the two narrow 
ones are dorsal and ventral, and the 
two thick ones are lateral. The Fig. 282 Ascaris lumbricoides — 
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triangular mouth is bounded by six lips, but they are reduced by fusion 
to three in Ascaris, one dorsal and two ventro-lateral in position. The 
lips have dentate (toothed) margins. The dorsal lip has two double 
sensory papillae, and each ventro-lateral lip has one double sensory 
papilla; these four papillae form an outer labial circle. 


The ventro-lateral lips have a lateral papilla each, and a 
cuticular excavation called amphid which is an olfactory chemo- 
receptor. Behind the lips there is a pair of cervical papillae, 
one? on each side. Near the posterior end is а transverse 
thick-lipped, anus but male has a cloaca from which two equal-sized 
chitinous spicules or penial setae project. Near the cloaca, there are 
about 50 pairs of cuticular pre-anal papillae and 5 pairs of post-anal 


LATERO-VENTRAL LIP 


EXCRETORY PORE 


VENTRAL CHORD 


PRE-ANAL PAPILLA 


Fig. 283 A— Ascaris anterior end (dorsal view) 
B—Ascaris anterior end (ventral view) 
G—Ascaris posterior end of male. 


papillae; these are concerned with copulation. There is a short post- 
anal tail which is straight in the female but sharply curved in the 
male. The female genital aperture called vulva is on the ventral side 


about one-third of the length from the anterior end. Behind the lips 
there is an excretory pore ventrally. 
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Fig. 284 Lips of Ascaris (head-on view). 
Body wall—It has an outermost wrinkled and very tough cuticle, 
it is non-cellular and made of nine layers of albuminous protein. It 
is not an absorptive layer and in fact is impermeable to sugars, amino- 
acids certain ions and digestive juices of the host. Physiological studies 
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285 T.S. of Ascaris lumbricoides through pharynx. ay 
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suggest that ascaris produces enzyme-inhibitors or anti-enzymes to 
protect itself from the digestive juices of the host. The cuticle moults 
four times only during the period of growth. Below the cuticle 
is a syncytial epidermis with many nuclei but no cell membranes. 
The epidermis secretes the cuticle and forms four longitudinal 
thickenings, the epidermal chords, two of these are thicker lateral lines 
or chords, and two thinner dorsal and ventral lines. The lateral 
lines contain excretory canals and the dorsal and ventral lines contain 


MUSCLE TAIL 


PROTOPLASMIC 


PROTOPLASMIC 
PA 
PART nn 


SUPPORTING 
FIBRILS 


SUPPORTING 
FIBRILS . 


Pt 
MUSCULAR PART MUSCULAR PART 


A `2 
Fig. 286 A—Muscle cell. В—Т.5. of muscle cell. 


nerves. Internal to epidermis is the body-wall musculature consist- 
ing exclusively of longitudinal fibres. Each muscle cell or fibre has 
two zones, an outer contractile zone of longitudinally striated, spin- 
dle-shaped muscular part which lies towards the epidermis; and a 
second protoplasmic zone which is a bladder-like mass of protoplasm, 
with a nucleus and a network of supporting fibrils; these fibrils form 
a process called the muscle tail. Muscle tails of the cells of the upper 
half are inserted into the dorsal nerve, and of the lower half the muscle 
tails are inserted into the ventral nerve. The muscles lie in four qua- 
drants being separated by the longitudinal chords. Each quadrant has 
about 40-60 muscle cells. Neuromuscular system of nematodes is 
unique in the animal kingdom. Normally nerves run to the muscles; 
in nematodes it is the muscles that run to contact nerves for 
neuromuscular conduction. 

Digestive organs—There is a terminal mouth surrounded by three 
lips, it leads into a pharynx or oesophagus which has a posterior 
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swelling, the end bulb. The pharynx has muscle fibres which dilate 
the lumen. The pharynx has 3 large branching gland cells which 
open by cuticular ducts into the lumen. The cavity of the pharynx 
has three deep longitudinal grooves lined by cuticle, and in a T.S. 
the lumen appears triradiate with one ray always ventral. This much 
constitutes the stomodaeum or fore gut. There is a thin-walled dorso- 
ventrally flattened intestine or mid OUTTA 
gut formed of a single layer of 
-columnar epithelial cells, it is boun- 
ded internally by thin cuticle, and 
externally by a collagen membrane 
but has no covering muscle layer. 
There is a short narrow rectum 
with a few muscle fibres and 
some rectal glands. It is lined 
with cuticle and forms the hind 
gut or proctodaeum, it opens - 
by a transverse anus with thick 
lips. In male there is a cloaca. 
Digestion—There are no diges- 
tive glands. Already digested 
liquid food of the host, blood, 
and tissue juices are sucked in by 
the suctorial pharynx. The gland 
cells of the pharynx produce enzy- 
mes, and the intestine absorbs food 
taken in through the mouth. 
Diastatic, lipolytic and proteolytic 
enzymes are known to be present 
in the alimentary canal of ascaris. 
Intestine carries on intracellular di- 
gestion too. Excess food is stored as 
reserve glycogen and fats in the in- 
testine, muscles, and the epidermis, 
Body cavity—The space be- 
tween the body wall and alimentary Fig. 287 Alimentary canal 
canal is not a true coelom but a of Ascaris а 
pseudocoel, because it is bounded by muscles outside and the cuticle of 
the intestine inside. It is formed by the breakdown of connective tissue 
cells. in the young animal, the organs are packed in the parenchyma 
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but almost all of it disappears in the adult, so that the organs hang loosely, 
Pseudocoel has fibrous tissue and fixed number of cells called coelo- 
mocytes, they are branched and giant-sized, and fill the body cavity; 
the confluent vacuoles of these giant cells represent the pseudocoel, 
hence the pseudocoel is an intracellular space. Pseudocoel is filled with 
a Clear, protein-rich fluid which distributes food and collects wastes, 
Nematodes show certain histological peculiarities; they have a 
constancy in the number of cells in the body, and the cell division 
stops after hatching (except in the reproductive organs); hence with 
growth, the cells elongate and become giant-sized, especially the muscle 
celis, coelomocytes, and excretory canal cells; a cell may be more 
than 1 cm long. There is a tendency towards formation of syncytia. 
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Fig, 288 Ascaris lumbricoides—excretory system. 
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There are no respiratory organs, but parasites carry on anaero- 
bic respiration and obtain their energy by the breakdown of 
glycogen into CO,, fatty acids and energy. They are also able to 
consume oxygen when available, but oxygen is not present in any 
appreciable quantities in the gut of the host. 

Excretory system is like an H; there is a longitudinal lateral 
excretory canal in each lateral line, each longitudinal excretory canal 
has an anterior and a posterior canal. The two longitudinal canals 
are joined by a much branched transverse canal from which arises a 
short common excretory canal or terminal duct to open by a mifiute 
ventral excretory pore just behind the lips. The canals are excavations 
in 2-3 giant cells whose nuclei lie in the transverse canal, left longi- 
tudinal excretory canal and the terminal duct. The left excretory 
longitudinal canal is branched in the region of the nucleus. The 
excretory system has no internal opening, cilia, or flame cells. 

Nervous system—There is а  circumenteric ring around the 
pharynx. Associated with this ring are seven ganglia; there is an 
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Fig. 289 Plan of Nervous system of Ascaris 
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unpaired dorsal ganglion, and close to it isa pair of sub-dorsal gang- 
lia. On each side of the ring is a lateral ganglion which is composed 
of six ganglia. On the lower side of the ring is a pair of large-sized 
yentral ganglia, Each ganglion has a fixed number of nerve cells. 
From the circumenteric ring arise six small nerves anteriorly, 
each having a ganglion, they go to the sense organs of the anterior 
end. Posteriorly, six long nerves arise from the ring and run to the 
posterior end; of these six nerves, one is a mid-dorsal nerve and 
one mid-ventral nerve, the former lies in the dorsal line and the 
latter in the ventral line. The mid-ventral nerve is the main nerve 
and is ganglionated along the entire length, and it may be called the 
nerve cord. Near the anus it has an anal ganglion which sends nerves 
to the tail. The other four posterior nerves are thinner; they are one 
pair of dorso-lateral nerves and a pair of ventro-latcral nerves, 
they lie on the sides close to the excretory canals. The dorsal and 
ventral nerves are connected by a number of transverse commi- 
ssures, and the ventral nerve and lateral nerves are joined by many 
ventro-lateral commissures. Posteriorly, the innervation is more 
complicated in males than in females. 

Sense organs are poorly developed in parasites; they consist of 
papillae and amphids on the lips, and some genital papillae on the 
tail of the male only. 

Reproductive system—Sexes are separate and readily distinguish- 
able externally, the male is smaller in size and has a curved tail. 
Gonads are tubular and continuous with their ducts, they hang freely 
in the pseudocoel. Male organs lie in the posterior half of the body; 
there is a single long, thread-like, coiled testis, it passes into a vas 
deferens of the same diameter. The vas deferens joins a wide semi- 
nal vesicle with somewhat muscular walls. Тһе seminal vesicle leads 


INTESTING 


VAS OEFERENS SEMINAL VESICLE a, Store 


Fig. 290 Reproductive organs of male Ascaris. Е 
into a short, narrow, muscular ejaculatory duct which opens into 
the cloaca. Dorsal to the cloaca is a pair of muscular sacs, the spicule 
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pouches (penial sacs) the two spicule pouches unite and join the 
cloaca. The pouches contain a pair of spicules or penial setae, 
they are cuticular with a cytoplasmic core, they serve in copulation to 
open the female genital pore, and thus help to transfer sperms. Their 
function is aided by a chitinous plate, the gubernaculum, lying in 
the wall of the cloaca. Spicules are operated by muscles attached to 
the pouches. 


PHARYNA 


Fig. 291 Reproductive organs of female Ascaris. 

Female organs are double or didelphic and occupy the posterior 
$ of the body. Two long thread-like coiled ovaries are continued 
der oviducts which lead into broad and muscular 
uteri. The first part of the uterus serves as a seminal receptacle 
ed and where fertilization occurs, the remain- 
s, its cells produce yolk and material for 


into somewhat broa 


where sperms are stor 
ing uterus stores fertilized egg 
egg shells. The two uteri uni 
cular vagina lined with cuticle. 
gonopore or vulva which lies ventr 
the anterior end. 

In Ascaris, the germ 
cells arise at the proxi- 
mal end of gonads, which 
is called germinal zone. 
In the ovary the develop- 
ing eggs are arranged 
radially around a central 
cytoplasmic rachis. In 
the testis the developing 
amoeboid sperms are pac- 


ked around the central 
rachis. In the last part of Fig. 292 T. S, of ovary of Ascaris. 


te and open into a short median, mus- 
The vagina opens by a transverse 
ally about + of the length from 
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the gonads, gametocytes are formed and become free from the rachis, 
here they undergo maturation division to form eggs or sperms. The 
sperms have an unusual feature—they do not have a tail and move- 
ment is amveboid. 

Special hormone-like substances are known to be present in the 
females of some nematode worms which act as sex-attractants and 
stimulate copulation. 
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Fig. 293 Т. S. of male Ascaris. 
DEVELOPMENT AND LIFE-HISTORY 
The entire tailless amoeboid Sperm enters the egg, and fertilization 
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occurs in the seminal receptacle part of the uterus. The fertilized egg is 
ovoid and has.three layers, the inner layer, the chitinous layer, and the 
outer layer. The inner layer until now thought to be composed of lipid 
is now known to be composed of esterified glycosides. It is permeable to 
water. The chitinous layer, the only known chitinous structure in nema- 
tode, is secreted by the egg itself, It also contains proteins. The 
outer layer is secreted by the uterine wall and is rough on the outside. 

Fertilized eggs are laid by female Ascaris in the small intestine of 
the host and they pass out with the faeces, they are unsegmented when 


they leave the host. One female may lay 
from 15,000 to 200,000 eggs in a day. Eggs 
fall on the ground and can remain alive 
for months in moist soil but drying kills 
them. In order to develop they require 
oxygen, some moisture and a temperature 
lower than that of the human body. They 
also require a period of incubation outside $ 
the human body. Segmentation starts in ГЕ. 295 Egg of Ascaris 

the soil and larvae or first stage juveniles or rhabditoid larvae are formed 
within the shell in about 9 days. The I-stage juveniles continue to grow 
within the eggs for another 10 days, then moult for the first time to 
produce the II-stage juveniles. In this stage they are infective and if 
they are swallowed by man accidentally with mud, water or vegetables, 
various layers of the egg are dissolved away by the enzymes in the 
stomach of the host. Free II-stage juveniles reach the small intestine 
and are 0:2-0:3 mm long. They do not develop further in the intestine 
but go on a typical wandering tour of about 25 days. First the freed 
juveniles bore through the intestinal wall and enter the mesenteric 
circulation and pass through the hepatic portal vein to enter the liver 
from where they enter the hepatic vein and through the post-caval 
vein come to the right side in the heart. From here they are carried 
through pulmonary arteries into the lungs. Growth continues and 
Il-stage juveniles become large enough to cause damage to the capi- 
llaries of the lung. Thus in the lungs the juveniles rupture the capillaries 
and enter the alveoli where they live for some days; here they grow and 
moult for the second time in about 5 days forming III-stage juveniles. 
Third moult takes place in the lung alveolus roughly after 6 days of 


the last moult. From the alveoli of the lungs the IV-stage juveniles 


make their way through the bronchioles and bronchus into the trachea 
and then to the throat, from where they are swallowed into the oeso- 
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phagus and reach the small intestine for the second time. During this 

24-day tour, the juveniles have grown about ten times and are 2 to 

3mm long. In the intestine the fourth and final moulting takes place 
and in 60 to 75 days they grow into adult males and females. 

The entire cycle is shown in the diagram below : 
Fertilized egg —— develops into first stage 10 days after j juve- 
juvenile (0:2—0:3 mm) nile moults into 
in 9 days second stage juvenile 
within the egg (I moult) 


on GENE Bgg swallowed by Man 


Second stage juvenile 
Man's intestine | set free in the host’s 
п = t 
juvenile (2-3 mm) | Intestine 
| поо 80) bores through intes- 
tinal wall 


| swallowed down the passes into mesenteric 


| stomach venules 

| Liver via hepatic 

| oesophagus portal vein 
e Right atrium via 
e Vax inferior vena cava 
< . 

. a | rarely into Right ventricle and 
larynx nasopharynx es pulmonary aorta 
i 
| out through 8 Lungs 
ni: 


trachea Nostrils 
| . juvenilte grows and 
bursts through lung 
capillaies into lung 


juvenile rises into 
alveoli, moults (I) 


—— á——HÜ— = 


bronchi 
TES into third stage 
juveniles after 5 days 
L—— fourth stage «—— III moult in the lung 


juvenile alveolus after 6 days 
Parasitic effects—As many as~500 to 5,000 adult Ascaris may be 
present in a single host and they may cause abdominal discomforts 
and colic pains. They may block the intestine and appendix. Be 
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cause of their habit of wandering in the gut, they may enter the bile 
or pancreatic ducts and interfere with digestion, or they may injure 
the intestine and cause peritonitis. They produce toxins which irritate 
the mucous membrane of the gut or prevent digestion of proteins by 
the host by destroying trypsin, or they may cause general nervousness, 
delirium or convulsions. In children, where infection is more common, 
they dull the mental capacity and stunt growth. Their juveniles cause 
haemorrhage in the lungs which results in pneumonia. 

Control and Therapy—A mixture of oil of chenopodium and tetra- 
chloroethylene is good. The latest advancements in the treatment of 
these worms are quite a few with different brand names. One of them 
is a single 10 gm dose of Piperazine phosphate with Calcium sennosides, 
sold with the brand name of *Helmacid with senna’.  Decaris, 
Alminth, Dewormin and Wormin are other very good drugs in the 
form of tablets. Pyrantel pamoate oral suspension is a liquid drug 
marketed as Thelmex and is suitable both for children and adults. 
Same preparation is marketed as a 3-tablet course by the brand 
name of Nemocid. Mebendazole, marketed as Mebex, 100g in six 
tablets course, is a broad spectrum antihelmintic drug used against 
roundworms, hookworms, whipworms, threadworms, tapeworms and 
pinworms. The drug causes selective and irreversible inhibition of 
glucose uptake in helminths, resulting in their immobilization and 
death. Clearance occurs within six days of starting treatment. 
These drugs must be repeated after 15 days so that larvae which were 
in the blood circulation during the first dose treatment are also killed 
in the intestine where the IV-stage juveniles return after 12-15 days. 
Personal cleanliness and thoroughly washed and properly cooked : 
foods are key to control the infection. 

Other Nematode Parasites 

1. Trichinella spiralis—Yhe trichina worm is an intestinal parasite 
in man in Europe and U.S.A., itis also parasitic in pigs and rodents. 
Females are 3-4 mm with the front half tapering, pharynx is very long. 
Males are 1:5 mm. and have a pair of conical appendages at the pos- 
terior end, they have no spicules. The fertilized female gives birth to 
juveniles by burrowing into the tissues. The embryos enter the 
circulatory system and come to lie in voluntary muscles, especially - 
in diaphragm, tongue, eyes and limbs, where they roll themselves 
into a spiral, and a lemon-shaped cyst is formed around the embryo; - 
a cyst may have 1 to 7 embryos. No further development occurs in 
the cyst. If partly cooked infected pork is eaten, the worms come out - 
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; Ass Fig. 296 Trichinella spiralis (female). 
in the intestine and mature within 2 to 3 days. The adults live for 
2 to 3 months only and most males die after mating and pass out. 
. . The adults are not dangerous but the juveniles cause trichiniasis 
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in which there are muscular pains, pneumonia, kidney failure and 
necrosis which may prove fatal. After several months, the cysts calcify 
in the muscles and the juveniles eventually die. 

2. Ancylostoma duodenale—The ‘hookworm’ is parasitic in the 
human small intestine in Europe, North Africa and Asia. Ancylostoma 
caninum is very common in dogs and causes heaviest mortality 
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Fig. 298 Ancylostoma duodenale. 
A—Anterior end. B—Bursa of male. 

amongst other parasites of dog. These hookworms are the most 
injurious nematode parasites of man because they are attached to 
the intestinal epithelium and suck blood. Females are 12 mm long 
and the tail has a minute spine, males are 9 mm and are characteri- 
zed by an expanded copulatory bursa at the posterior end, the bursa 
is supported by 13 muscular rays. The anterior end is bent slightly 
dorsally, there is a large buccal capsule with 2 pairs of large teeth 
placed ventrally, and a pair of sharp teeth dorsally forming lancets 
for lacerating host tissue. Eggs pass out with human faeces and hatch 
in the soil, the juveniles moult twice and come to the surface and 
penetrate the human skin through hair follicles; they reach the veins 
and go to the heart, then through pulmonary arteries to lungs, and to 
trachea from where they are swallowed. In the intestine, the juveniles 
moult twice to become adults. Ancylostoma juveniles cause itching and 
inflammation of the skin, in the lungs they cause pulmonary infec- 
tion or even pneumonia. The adults cause severe anaemia and in 
children, physical and mental development 1s retarded, 

3. Oxyuris (=Enterobius) yermicularis—The pinworms' are small 
parasites in human caecum, colon and appendix. The female is 
10 mm with a long slender pointed tail and male is $5 mm with blunt 
and curved tail with bursa-like expansion and a single spicule. Both 
have a pair of cephalic expansions at the anterior end. Ripe females 
creep out of the anus at night and lay eggs. Egg-laying is stimulated by 
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contact with air and at times females burst and release showers of eggs. 


Fig. 299 Oxyuris 
vermicularis 


and the egg. 


Eggs are well advanced when laid and contain tad- 
pole-like juveniles. Persons re-infect themselves and 
their families through their hands, clothes, and even 
dust in the room; eggs hatch in small intestine and 
juveniles descend slowly and moult 4 times to be- 


* come adults. Oxyuris causes pinworm disease 


which causes itching of the anus, inflammation of 
mucosa of colon and appendix, and often loss of 
appetite and insomnia. 

4. Wucheria bancrofti—It is the most important 
filarial parasite of man in tropical and sub-tropical 
regions of Africa, India, Malaya, Arabia, China and 
Japan. The adult worms live in the lymph vessels 

` and glands lying in coils. They are slender worms. 

the females are 100 mm long and 0:25 mm in 

diameter. Males are 40 mm by 0:1 mm and their 

tails are coiled like tendrils with many papillae 
and 2 unequal spicules. 

There is a fine swollen anterior end and pharynx 

is partly muscular and partly glandular. The female 


gives birth to juveniles called microfilariae, each of which is enclosed 
in a delicate sheath. The microfilariae appear in the peripheral 
blood ‘around midnight—between 10p.m. and 2 a.m. and disappear 
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Fig. 300 Wucheria bancrofti (Microfilaria) 


during the daytime. Further development of microfilariae occurs, 
if they are sucked up with blood by mosquitoes which are intermediate 
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hosts ; several species of Culex, Anopheles and Aedes act as inter- 
mediate hosts. The microfilariae penetrate the stomach of mosquitoes 
and come to lie in the thoracic muscles, where they grow and moult 


Fig. 301 Extreme cases of clephantiasis. 


twice. Now they are infective and come to lie in the labium of the 
proboscis of a mosquito. When a mosquito bites a man in warm 
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Fig. 302 Dracunculus medinensts 
A—Juvenile, B—Female 
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and moist weather, the larvae 
penetrate the human skin and 
become adults in the lymph 
system. Accumulations of 
living and dead Wucheria cause 
inflammation of lymphatic 
system especially in male genital 
organs. Obstruction of lymph 
vessels may some time but not 
always result in elephantiasis 
in arms, legs, scrotum or 
mammae. 

5. Dracunculus medinensis— 
The guinea worm is parasitic 
in the deeper parts of subcu- 
taneous tissue where the long 
female lies in a loose coil 
under the skin. The worms are 
a scourge in Western Asia from 
Arabia to India, and also in 
Africa and East Indies. The 
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female is 75 cm to 120 cm long and 1:5 mm in diameter, the head 
is blunt and tail has sharp hooks. The male is 20-30 mm long with a 
spirally coiled tail with 2 equal and large spicules. 

The mature female pierces the skin of the host and produces a 
toxin which causes a blister which enlarges into an ulcer. When the 
ulcer comes in contact with water, the uterus of the female projects 
from the ulcer and releases hordes of tiny coiled juveniles, and finally 
the parent worm shrivels up and dies. The juveniles are swallowed 
by Cyclops, a fresh water Crustacean, they moult.twice and become 
infective in three weeks. If Cyclops, the intermediate host, is swallowed 
by man, the larvae reach the subcutaneous tissue from the intestine and 
mature in abouta year. After formation of an ulcer, the person may 
get urticaria, diarrhoea, asthma, giddiness and develop eosinophilia. 
Bacterial infection of the ulcer then sets in. Extraction of the worm 
by slowly winding its projecting end from the ulcer on a stick has 
been successfully practised in India. 


Questions 


l. Flat worms are ‘acoelomates’ and round worms are ‘pseudo- 
coelomates’, why? 


2. What is the difference between the ventral and lateral lines of 
Ascaris? 


3. Enumerate the salient features in the anatomy of Ascaris 
which are not found anywhere else. 
4. Draw and differentiate between : 
(а) А T.S. of Ascaris through pharyox from.a.T.S. of 
Ascaris through intestine. 


(b) A T.S.of male Ascaris from а T. S. of female Ascaris 
through sex organs. 


(с) Male hookworm from a female hook worm. 
(d) Ancylostoma from Enterobius. 


What antihelminth will you use to get rid of worms? Why is 2 
second dose recommended ? 


When can microfilariae be collected from the blood of patient? 
What are the infective stages of Ascaris and Ancylostoma? 
What differences do you know in the mode of infection of 
Ascaris, Ancylostoma and Enterobius ? 

What is the characteristic symptom of a patient suffering from 
‘oxyurasis’? ^ 


л 


euo 


т> 


10. Which mosquito is responsible for Filaria? How would you, 


recognise it from malaria mosquito of man? 
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How many cells take part in the formation of excretory system 
of Ascaris? А 
What аге the histological peculiarities of Nematodes? 
When and where does moulting take place in the life of Ascaris? 
Which of the following does not need an intermediate host : 
Malarial parasite / Tapeworm / Liver fluke / Ascaris*. 
(PMT—1991) 
Fresh infection of Ascaris fakes place by means of— 
cysts / embryonated eggs* / spores / blood meal. 
Body cavity in Ascaris is known as— 
enterocoel / pseudocoel* / haemocoel / coelenteron. Я 
(CPMT—1988) 
Which of the following worms is viviparous :— 
Schistosoma / filaria / Trichinella*. 
The only place where chitin is found in the nematodes is— 
the egg*/ tooth of hookworm/ skin of ascaris/ copulatory setae. 
Ancylostoma causes : 
encephalitis / anaemia* / dysentery / degeneration of muscles. 
Which one of these is monogenetic : 
roundworm* / tapeworm / blood fluke / liver fluke. 
Which is usually respiring anaerobically : 
insects living under soil/ worm living in human intestine*/ 
foetus inside uterus / amoeba in stagnant water. (CPMT—1984) 
Body cavity of Ascaris is called : 
haemocoel / coelom / pseudocoel*/ amphicoel. (CPMT—1985) 
sexual dimorphism in Ascaris can be justified on basis of : 
penial setae*/ post anal phasmids / buccal margins / body colour. 
(CPMT—1986) 
Syncytium is found in : 
epidermis of ascaris*/ mouth of ascaris / body wall of tapeworm/ 
epidermis of frog. (CPMT—1986) 
Sperms of Ascaris are characterized by one unusual feature : 
long form / lack of a flagellum* | motility / ability to induce 
meiosis in the egg. (PMT—1990). 
Ascaris has : paired ovaries and single testis* / paired testes and 
single ovary / single ovary single testis / paired ovaries paired 
testes. МТС des tcr EO 
enic effects due to heavy infection by Ascaris аге: 
тавре aggregation* / obstruction of Eustachian tube / 
appendicitis / peritonitis. 


m 
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5 ANNELIDA 


Annelids are elongate worms whose bodies are divided externally 
by rings into segments or metameres, and internally by more or less 
Corresponding coelosepta. They are truly coelomate animals. Their 


bodies are covered by a non-chitinous cuticle which may have chitinous 
setae formed by the epidermis. 


Pheretima posthuma (Earthworm) 


There are about 40 species of earthworms found in India. Phere- 
tima is the largest genus of earthworms and it has many species, of 
which several species are Indian. Pheretima is found in South-East 
Asia, Malaya, and from India to Japan. 


Externals—Pheretima posthuma is found in the soil near rivers, in 


„ the gardens and swampy places. It has a cylindrical body, about 20 


cm long, having a dark brown glistening colour. Ring-like grooves 
divide the body into segments of which there are about 120. The 
anterior end has a prostomium which is not a segment; it is separated 


.by a groove from the first segment, but encroaches upon it slightly. 


Below the prostomium is a crescentic mouth. А thick band-like 
clitellum surrounds segments 14 to 16, forming a thick girdle, its 
glands secrete mucus and albumen, they also form the cocoon. On the 


18th segment ventrally is a pair of crescentic male genital apertures, 
‘and on the ventral side of segment 14 is a median female genital 


aperture. On ventral side of each of the 17th and 19th segments 18 
a circular and raised pair of genital papillae, There are four pairs 
of small ventro-lateral spermathecal apertures lying intersegmentally 
between the grooves of segments 5/6, 6/7, 7/8 and 8/9. In each 
segment, except the first, the last and the clitellum, there is a ring of 


- CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


Y 


| 
| 
| 
| 
| 


| 
i 
| 
| 
| 


ANNELIDA 415 


chitinous setae lying embedded in the skin in the middle of each seg- 
ment and partly projecting backwards. Each seta arises from a setige- 


PERISTOMIUM PROSTOMIUM 
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Fig. 303  Pharetima posthuma. 
A—Ventral view, B—Anterior end. 


rous sac of the skin and is a pale yellow, curved, and pointed rod. The 
setae help in locomotion by holding the earth since they are directed 
backwards. Along the mid-dorsal line in intersegmental grooves are 
dorsal pores starting from the 12/13 to the last but one segment; they 
lead from the body cavity 
to the outside and a 
whitish coelomic fluid 
ejects out from them 
when a live worm is 
irritated (by means of 


Ы nan m ^ v. 
Renting : 
; E 9 Be 
Fig. 304 Electron micrograph of the cuticle Pd 
of an earthworm. segment, e WEE. 


ratory). There isa vertical — 
slit-like anus in the last 
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Body wall has a thin outer cuticle with fine diagonal striations 
due to which iridescent hues are produced, below the cuticle is a 
single-cell thick epidermis having tall cylindrical cells. The epider- 
mis is thicker in the middle of each segment. Between the epidermal 
cells there are gland cells of two kinds, mucous gland cells and 
albumen cells, the former are club-shaped and are present in large 


MUCOUS CELL Ута MEN CELL 


BASAL CELL 


=< 


CIRCULAR —= 


PARIETAL EPITHELIUM : 
Fig. 305 Т. S. of body wall. 


numbers. Mucous cells secrete mucus which prevents dessication 
of the animal and helps in locomotion by lubricating the body; mucus 
also cements the walls of the burrows of the worm. The albumen 
cells are cylindrical, fewer in number, and have uniformly distributed 
fine granules; they produce albumen of unknown significance. Bet- 
ween the lower ends of epidermal cells are small basal cells which fill 
up the spaces between epidermal cells. The epidermis also has sensory 
cells or epidermal receptor cells which are cylindrical and lie in groups 
and have hair-like processes at their outer ends (Fig.328). Below 
the epidermis are two layers of muscles, an outer circular muscle 
layer which contains pigment granules, and an inner longitudinal 
muscle layer. Circular and longitudinal muscle layers are antagonistic, 
contraction of one causes relaxation of the other. The longitudinal 
muscle layer is much thicker than the circular muscles, and its muscles 
lie in separate longitudinal bundles. Lining the muscles is a thin 


- parietal layer of coelomic epithelium. Embedded in the body wall 


is a large number of setae lying in a ring in the middle of a segment. 
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Setae are made . of 
chitinous and albumi- 
nous substances and 
are insoluble in KOH 
solution. Each seta is 
formed by a setal sac 
or setigerous , cell of 
the epidermis. The 
setae are curved like 


‚ап ‘S’ and point back- 


wards. They are sligh- 
tly thicker in the 
middle and are moved 
by protractor and ret- 
ractor muscles which 
are attached to the 
setae. The setae fall 


out of the body wall when worn out. -They are replaced repeatedly. 
Locomotion—Contractions of the circular muscles of the body 


wall of the anterior segments, often the 
first nine, force the anterior region to be 
extended forwards and at the same time 
making it thinner in diameter. This exten- 
ding and thinning passes backwards as a 
wave of contraction at the rate of 2 to 3 
cm per second; in this way the body of 
the worm is pushed forwards. The anterior 
end now grips the substratum and the 
setae act as hooks by their posteriorly 
directed points, then the circular muscles 
relax and the longitudinal muscles of the 
body wall of the anterior segment contract, 
this shortens and thickens the anterior end, 
causing the posterior body of the worm to 
be dragged forwards. The contraction of 
longitudinal muscles passes backwards like 
a wave. Again a wave of contraction of 
circular muscles starts from the anterior end 
making it thinner and extending it for- 

ward; this wave starts before the first one 

A.B.—28 


in locomotion. ~ 
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has reached the posterior end. Thus locomotion is brought about by 
alternate contractions of circular and longitudinal muscles, causing 
waves of thinning and thickening to pass backwards; this involves part- 
ly a pushing of the anterior end and partly a pulling up of the posterior 
end, the setae playing only an accessory role. The coelomic fluid gives 
turgidity and it acts as a hydraulic skeleton making the body wall 
stiff, When circular muscles contract, the hydraulic skeleton causes 
extension of the longitudinal muscles. The worm moves at the rate 
. of about 25 cm per minute. 
Coelom—It is a large perivisceral cavity between the body wall and 
alimentary canal, and is lined by parietal epithelium on the outside and 
by visceral epithelium on the inside (Fig. 221). Between the body wall 


APERTURES WITH 
SPHINCTER MUSCLES 
MUSCLE FIGRES 


Fig. 308 Part of a postclitellar cocloseptum. 
and alimentary canal are many transverse septa or coelosepta dividing 
the coelom into chambeys, the septa arise from the intersegmental - 
grooves. Septa in the first few segments are very thin and small and 
easily missed. The first visible septum is between segments 4 and 5, it 
is thin and membranous. The next five septa are thick, muscular, and 
placed obliquely between segments 5/6, 6/7, 7/8, 8/9 and 10/11, they 
formcones. The remaining septa from the 11/12 to the posterior end are 
thin, membranous, and transverse, the first three of these (11/12, 12/15, 
13/14) are complete with no apertures thus isolating their coelomic 
chambers. The remaining septa from the 14/15 to the posterior end 
are perforated by many minute apertures, these apertures are sur- 
_ rounded by sphincters of unstriped muscles, such septa are peculiar 
to Pheretima amongst earthworms. Through these apertures the 
coelomic fluid moves back and forth from one coelomic chamber 
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into another chamber. The coelom contains a milky and alkaline 
coelomic fluid. It has a colourless plasma and coelomic corpuscles of 
three kinds : (i) Amoebocytes—They 
are numerous but small, spheroidal 
with a number of petal-like pseudo- 
podia and a large nucleus. Amoe- 
bocytes are phagocytic and take up 
excretory and foreign matter, they 
act as a defence against parasites. 
Some amoebocytes become elongated 
with a nucleus at one end and with 
the other end expanded. (ii) Granulo- 
cytes or eleocytes—They are nume- 


Fig. 309 Coelomic corpuscles. rous, large-sized and spherical, with a 
1 &2. Granuiocytes. concavity, and with a small nucleus. 
3. Leucocyte. They have many granules and fat 


4&5. Amoebocytes. droplets, and are probably nutritive. 
(iii) Leucocytes—They are flat and circular with a large nucleus; they 
are comparatively few in number. The coelomic fluid comes out of 
dorsal pores on the skin and kills bacteria of the soil which come on 
the body of the worm; it also keeps the skin moist and helps in res- 


„piration. Some excretory matter is removed by’ amoebocytes when 
-they pass out from the coelom. Coelomic fluid also distributes diges- 


ted food to the tissues, The luminosity produced by some earth- 
worms is due to the coelomic fluid. 57 


СА 
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Alimentary canal—Alimentary canal runs as a straight tube e 


fram the mouth to the anus, it has well-defined regions. ’ Below the 
prestomium is a crescentic mouth-in the first segment which leads 
into a buccal cavity running up to the 3rd segment, it is surrounded 
by muscular-strands. The lining of the buccal cavity is folded. The 
buccal cavity can be protruded through the mouth. In the 3rd апа. 
4th segments lies a broad pharynx, it is separated from the buccal 
cavity by a groove. The roof of the pharynx is a thick bulb and 
internally the lateral walls form two horizontal shelves, one on each 
side, which divide the lumen of pharynx into two chambers. The 
roof of the pharynx is lined by ciliated epithelium, above which are 
many muscles with connective tissue and blood vessels. Surrounding 


the pharynx there are pharyngeal or salivary glands, made of masses _ 


of chromophil cells; they produce mucin for lubrication of food, and 
also a proteolytic enzyme which can digest some proteins. Behind 
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the pharynx is a short, narrow oesophagus running up to the J 
8th segment. In the 8th aad 9th ; MOUTH 

segments is ап oval gizzard having SUCCAL esvrrv : 
a thick wall of circular muscle 
lined with columnar cells; inside 
the columnar epithelium is a 
lining of cuticle. The gizzard 
grinds food into a fine state. 
From the 9th to the 14th seg- me^ 

ments is a tubular stomach, it has CS f Р; < 
glandular cells which secrete a be = vata 

proteolytic enzyme, its lining is 
much folded. In. some earth- 
worms, such as Eutyphoeus and 
some species of Pheretima, epi- 
thelial lining of the stomach has 
.caleiferous glands which produce: 
calcium and CO, the calcium 
probably neutralizes the contents 
of the alimentary canal. Excess 
calcium and carbonates are remo- 
ved by calciferous glands and 
excreted into the stomach from 
where they pass out. From the 
15th segment up to about the 
100th segment is a broad thin- 
walled intestine; the lining of 'N'ESIUw - 
the intestine is folded to form - 

villi; one of these villi becomes 
larger than the others and is 
- known as: a typhlosole. The ^ St^"? 
typhlosole runs mid-dorsally from E 

the 26th segment to the end of 7 : et. 
the intestine. Compared to some Fig. 310 Alimentary canal. / 
other earthworms, the typhlosole is poorly developed in Pheretima. 

The typhlosole increases the absorptive surface of the intestine. 

In the lining of the intestine are ciliated and glandular cells. | 
From the 26th segment, a pair of irregularly conical diverticula ; 
arise and run forwards for 3 or 4 segments; they are the intes- i 
tinal caeca, they have glandular cells which secrete an amylatic 


INTESTINE} 
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‚ Fig. 311 T.S. of Pheretima through pharynx. 


enzyme which digests starch. Behind the iatestine is the rectum as! 
broad as the intestine; the rectum contains small pellets of mud which 
are passed out from: the anus, they form the castings of earthworms. 


DORSAL vESSEL 


CIRCULAR MUSCLES Sf 
VENTRAL VESSEL NERVE CORD 


Fig. 312 T. S. of Pheretima through gizzard. 


Histology—The alimentary canal is made of four layers, an outer 
layer of visceral peritoneum, on the intestine and stomach some of 
| these cells are modified. as chloragogen cells containing yellow 4 
ko granules, the chloragosomes; these cells take up wastes from the d 
blood and probably also from coelomic fluid, they store it as yellow 
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Fig. 313 T.S. of Pheretima through intestine. 


granules or chloragosomes. When the cells become filled, they either 
pass out through dorsal pores or excretory organs, or the excreta 
remains permanently in chloragogen cells throughout life. They are 
the main centres for synthesis and storage of glycogen and fat; they 
manufacture glycogen from fatty acids and store it as reserve food and 
pass it on to the coelomic fluid when needed. Deamination of proteins, 
formation of ammonia, and synthesis of urea also take place in chlo- 
ragogen cells. Thus chloragogen cells play a role like that of the liver 
in vertebrates. The next two layers of the alimentary canal are an 
outer layer of longitudinal muscles and an inner layer of circular mus- 
cles; they are feebly developed in the intestine, but are more developed 
in the oesophagus. In the gizzard the circular muscles form a very 
thick layer but there are no longitudinal muscles. The muscles are well 
formed in the pharynx. All the muscles of the alimentary canal 
are involuntary. Inside the muscles the alimentary canal has an 
epithelial lining of columnar cells which are ciliated in the roof of 
the pharynx; in the intestine there are mostly ciliated cells with some 
glandular cells which produce a proteolytic enzyme. 

Food and digestion—The food of earthworms consists of decaying 
leaves etc. and organic substances of the soil including small animals. 
They also ingest mud as food in large quantities. The salivary glands 
of the pharynx produce mucin and a proteolytic enzyme, the former 
lubricates the food and helps to pass it down, and the latter starts 
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the digestion of proteins. The gizzard grinds the food into a fine state 
so that the enzymes can act uponit. Stomach, intestine, and intestinal 
caeca produce enzymes, a proteolytic enzyme, which converts proteins 
into peptones; diastase which converts starch into sugar; and lipase 
which splits the fats. They also produce enzymes amylase and invertase 
which act upon sugars. Small amounts of enzymes like lichenase, 
cellulase and chitinase are also present; they act upon sugars, cellulose 2 
and chitin of animals in the food. Digestion occurs mostly in the 
intestine and digested food is absorbed by the intestine and passed on to 
the blood. The coelomic fluid and blood transport food to the tissues. ` 

Lymph glands—Above the intestine is a pair of whitish lymph 
glands in each segment from the 26th segment to the posterior end 
(Fig. 307), they are lobulated and lie one on each side of the dorsal 
vessel. The lymph glands produce amoebocytes which are phagocytic. 
Some parts of the lymph glands contain refractile granules, chlora- 
gogen cells in various stages of degeneration, and cysts and spores of 
Monocystis which is a protozoan parasite in earthworms. 

Vascular system—It is a closed system of tubes containing blood. 
The plasma of blood is red due to dissolved haemoglobin, it contains 
colourless, nucleated corpuscles. There are three main median longita- 
dinal blood vessels—a dorsal vessel above the alimentary canal, a 
ventral vessel below the alimentary canal, and a sub-neural vessel 
lying on the ventral side below the nerve cord. In the dorsal vessel 
the blood flows from the posterior to the anterior end, but in tke 
ventral and sub-neural vessels the flow of blood is from the anterier 
to the posterior end. Thus the circulation of blood is oppesite ef 
what is seen in vertebrates. The dorsal vessel runs mid-dorsally 
above the alimentary canal from the posterior to the anterior end. 
It is thick with contractile muscular walls. In each segment it has a 
pair of valves which allow the blood to flow forwards only. The 
dorsal vessel is the main collecting vessel behind the 14th segment, 
but in front it distributes blood. From the posterior region up to the 
15th segment the dorsal vessel receives in each segment two pairs of 


dorso-intestinal vessels from the intestine, and a pair of commis- ` 


sural vessels from the sub-neural vessel. Тһе commissural vessels 
form a loop behind each septum and they receive blood from the 
body wall,@nephridia, and prostate glands, they give out blood in ' 
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each segment through a septo-intestinal branch to the intestine. "m 1 E 
The‘ ventral vessel runs from the second segment to the posterior b ToS 


end, it has no valves, and it is the main distributing vessel. It givee ү E 
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Fig. 315 T.S. through body wall and intestine (on right of dotted 
line through septum, on left through segment). 
- Out a pair of ventro-tegumentary vessels in all segments, one on each 4 
Side in front of the septum. Тһе ventro-tegumentary vessels гип E 
: upwards along the body wall and give blood to the body wall, 
integumentary nephridia, septal nephridia, gonads, seminal vesicles 
E | and spermathecae. The ventral vessel also gives out a ventro- 
, intestinal vessel in each segment behind the 13th segment, which takes 
___ blood to the lower part of the intestine. The branches in the intestine 
form blood plexuses consisting of two networks in the intestinal wali 
from where the blood is drained by two pairs of transverse vessels 
that join the dorso-intestina]s. — , 
The sub-neural vessel runs above the ventral body wall, jurst below 
. the nerve cord, from the 14th segment backwards; it is a thin vessel and 
© collects blood from the ventral body wall; it gives some blood to the 
intestine. In front, from the anterior end to the 14th segment, is a pair P. 
_ Гог lateral oesophageals, one on each ventro-lateral side of the alimen- — 
j| tary canal, they collect blood from the body wall, spermathecae and 1 
= Seminal vesicles; in the 14th segment they dip down and join the 
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Above the stomach is a supra-oesophageal vessel running from 
the 9th to the 13th segment, it receives blood from the lateral oeso- 
phageals through two pairs of anterior loops that encircle the 
stomach in the 10th and 111һ segments. It sends its collected blood 
through the latero-oesophageal hearts of segments 12 and 13 to 
the ventral vessel. In the anterior region the dorsal vessel distributes 
its collected blood, it forms several branches which give blood to the 
buccal cavity, pharynx, oesophagus, and gizzard, but the main portion 
of blood passes through 4 pairs of hearts to the ventral vessel. 

The hearts are .contractile and encircle the alimentary canal, 
they are in segments 7, 9, 12 and 13. The hearts of segments 12 and 
13 are joined to both dorsal vessel and supra-oesophageal vessel, they 
are called latero-oesophageal hearts, they have thick muscular 
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Fig. 316 A—Lateral heart. B—Latero-oesophageal heart. 


walls and a pair of valves at each junction with the dorsal vessel and 
supra-oesophageal vessel, and another pair of valves at the ventral 
end; these valves allow blood to flow downwards only. The other  . 
two hearts of segments 7 and 9 are lateral hearts, they connect the . 
dorsal to the ventral vessel; they have four pairs of valves which 
allow blood to flow only downwards. y 
Circulation—The blood collected by the dorsal vessel through ~ 
the dorso-intestinals, blood plexuses of intestine, and commissurals 
is given out partly to the anterior alimentary canal, but mainly 
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through the hearts to the ventral vessel. In the ventral vessel the blood 
: flows forwards to the anterior region in front of the hearts, but the main 


portion of blood flows backwards, this is distributed through ventro- 
tegumentaries to the body wall and the organs in the coelom; and 
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Fig. 318 T.S. of Pheretima through stomach region. 


through the ventro-intestinal vessels to the alimentary canal. In other 
words, all parts receive blood from the ventral vessel. From the ventral 
body wall blood is collected by the sub-neural which also receives 
some blood through the lateral-oesophageals from the anterior region. 
The blood passes from the sub-neural to the dorsal vessel through the 
commissurals. The lateral-oesophageals also send blood through the 
anterior loops to the supra-oesophageal vessel which then passes it 
through the latero-oesophageal hearts to the ventral vessel. : 

The blood distributes digested food to various body regions and 
it collects waste substances like nitrogenous wastes and CO,, which 
are given up to nephridia, skin, and coelomic fluid. The haemo- 
globin of plasma extracts O, from the capillaries of the skin, but 
there must be a moist skin where Оз can combine with haemoglobin 
to be transported by the blood. Haemoglobin is an efficient pigment 
and it can take up O, either from the surrounding air or from an 
environment comparatively deficient in oxygen. Hence earthworms 


^ can live in well-aerated water and are not drowned. They can also 


live for several hours without Оз, in this condition they probably 
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carry on anaerobic respiration. Mucous glands, coelomic fluid, and 
nephridial excretions make a film of moisture on the integument 
through which diffusion of gases takes place. 

Blood glands—In the hinder part of pharyngeal mass and behind 
it in segments V and VI are groups of small rounded follicles of red 
colour, these are called blood glands (Fig. 324). The follicles have a 
syncytial wall, enclosing a capsule, containing a mass of loose cells. 
The blood glands are connected with pharyngeal nephridia and sali- 
vary glands. Blood glands manufacture blood corpuscles and haemo- 
globin, probably they are also excretory. ^ 

Excretory system—The excretory organs of earthworms are segmen- 
tally repeated (ectodermal) tubes called nephridia. In Pheretima there 
is a large number of small-sized nephridia in all segments except the 
first three. Nephridia are of three types according to their position 
in the body. The first kind are septal nephridia attached to the 
septa from the 15th segment to the posterior end. The second type 
are integumentary nephridia which are attached inside the body 
wall from the 3rd to the last segment. The third kind are pharyn- 
geal nephridia lying in the 4th, 5th and 6th segments. 

Septal nephridia—A septal nephridium has a ciliated funnel or 
nephrostome followed by a short neck which is continued into the 
body of the nephridium, the body is continued into the last part, the 
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Fig. 320 Septal ment idium. (only 3 canals shown in the straight lobe): 
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terminal duct. The nephrostome lies in the coelom, it has a larger 
upper lip and a smaller lower lip. The mouth of the funnel lies bet- 
ween the lips. The upper lip is horse-shoe shaped and composed of 
profusely ciliated 8 or 9 marginal cells surrounding a large crescentic 
central cell, which is also ciliated. All the cilia beat towards the bottom 


CENTRAL CELL 


Fig. 321 A—The septal funnel.. 
B—L. S. of funnel. 


of the funnel. The lower lip is made up of a fewer cells without cell 
boundaries and is ciliated. The neck is narrow and has a ciliated 
canal, it is joined to the body of the nephridium. The body has a 
short straight lobe and a long twisted loop, the loop is formed by two 
limbs twisted spirally around each other, the number of twists varies 
from 9 to 13, one of these limbs is joined to the neck of the funnel 
. and to the terminal duct, and the other to the straight lobe. The 
nephridium has an intracellular canal and is ciliated along definite 
portions. This intracellular canal perforates a long single column of 
cells called drain-pipe cells. Their cell boundaries are absent. Coelo- 
mic corpuscles are clustered around the canal. There are four such 
canals in the straight lobe, and three in lower part and two in the upper 
part of the limbs of the twisted loop. The movements of cilia i in these 
canals resemble the flickerings of a flame: Every septum from the 15/16 
to the posterior end bears septal nephridia on both surfaces. The 
nephridia lie in semicircles around the intestine, two rows in front of the 
septum and two behind it. Each septum has about 40 to 50 nephri- 
dia in front and the same number behind, so that each coelomic cham- 
ber has 80 to 100 septal nephridia, The nephridia hang freely in the 
coelom and are attached only by their terminal ducts. These nephri- 
.dia open by their terminal ducts into two septal excretory canals 
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lying on the posterior face of the septum, one on each side of the intes- 
tine, each begins ventrally but dorsally it enters a supra-intestinal 
excretory duct of its own side. The two supra-intestinal excretory 
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Fig. 322 Septal nephridia (shown in two segments). 

ducts are parallel longitudinal canals lying above the gut and below the 
dorsal vessel. They begin from the 15th segment and run to-the last 
segment, communicating with each other for a short space behind 
cach septum, then either the right or the left duct opens by a ductule 
into the lumen of the intestine near the septum. Each segment has 
one such opening into the intestine of either the right or left supra- 
intestinal excretory duct. The waste collected by septal nephridia is 
discharged through the excretory canals and ducts into the lumen of | 
the intestine. Such nephridia which open into the intestine are called 
enteronephric nephridia. 

Integumentary nephridia are small-sized; they have no nephrostome 
and are of the closed type with no opening into the coelom. Each 
integumentary nephridium is V-shaped with a short straight lobe 
and a twisted loop, its lumen has 2 ciliated canals. These nephridia 
are attached inside the lining of the body wall from 3rd to the 
last segment, there are about 200-250 in each segment, except inside 
the clitellum where there are forests of nephridia about 2,000-2,500 
In each clitellar segment. Each nephridium opens by a nephridiopore 
On the outer surface of the body wall. Because the integumentary 
nephridia open externally, they are exonephric nephridia. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


432 ANIMAL BIOLOGY 


ANTEGU MENTARY 
NEPHRIDIA 


SEPTAL NEPHRIDtA 


Fig. 323 Integumentary nephridia. 

Pharyngeal nephridia lie in 3 paired groups, one pair in each of 
the segments 4, 5 and 6, above the pharynx and oesophagus. Each 
pharyngeal nephridium is about the size of a septal nephridium, but 
at is of the closed type having no nephrostome. It has a short straight 


SLOOD'GLANDS 


Fig. $24 Pharyngeal ncphridia and blood glands. 
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lobe апага spirally twisted loop; ‘its: Ilumen:has' ciliated cánalst::Duc- 
tules from these: nephridia’ unite to.form:a ‘single thick-walled duct’on 
each side of each segment. : ‘The two ducts:of nephridia of ѕёрпіепі:6 
open into the buccal cavity in:segment 2,'and the'paired. duct of 
nephridia of segments 4 and.5 open into the:pharynx in segment 4; 
In. close association with pharyngeal néphridia are.the: blood glands. 
The pharyngeal:nephridia, like: the septal:nephridia; ‘discharge: their 
wastes into the alimentary canal and are, therefore, enteronephric, but 
such enteronephric nephridia, which: open» into the:front:portion of 
the alimentary canal (mouth cavity and pharynx), are: called pepto- 
nephridia because they may have taken on the function of digestivé 
glands. It has been reported (Gupta S.Ky1975)* that pharyngeal 
nephridia of Pheretima posthuma produce a variety. of:enzymes.such 
as amylase, melezitase, trehalase, chymosin, ; prolinase;: ;prolidase, 
glycyl-L-leucine dipeptidase, glycylelycine dipeptidase, leucine: amino- 
peptidase, lipase and aminotripeptidase. Thus such nephridia are 
better regarded as salivary glands. whose сае Sty dro rre Ee 
hydrates, proteins and fats: юш 
' Physiology of nephridia—Nitrogenous : “wastes from differeat 
organs and systems diffuse into the coelomic fluid, from where they.are 
swept into the nephrostomes ofthe septal nephridia, or into the'canals 
of other nephridia. The coelomic corpuscles are prevented from 
entering the funnels by the funnel cilia. The fluid then passes through 
the intracellular canals to the.nephridia. The; cells lining the canal 
by selective absorption extract some water and other useful materials 
from the circulating fluid, so that the fluid returning into.the canal of 
the terminal duct has a concentrated solution of nitrogenous wastes. 
The nitrogenous excretory wastes* from nephridia consist of urea 
(50%), ammonia'(42%), and amino-acids (0:696), creatine (traces);‘and 
other compounds (7:827), but there is no uric acid.. The body of 
nephridium also absorbs wastes; the wastes pass out through the nep- 
hridiopores or are transferred into the alimentary canal. Enteronephric 
nephridia are an adaptation for conservation of water; the nephridia 
and intestinal epithelium take out water from the excretory waste 
which passes out with the faeces, hence the faeces of Pheretima aré 
drier than of those earthworms which have only exonephric:nephridia. 
The nephridia are also employed in the removal of products of haemo- 
globin destruction. The. walls of certain sections of the tubules where 
this function is. per formed are. filled with haematochrome pigmentas 


*Gupta 5 К. 1975, Current Sc. Vol. 45, No. 5, 198. 
“Bahl, К. N. Q.J. M.S. 85, 343-390, 1945. 
A.B.—29 
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Nephridia are not the only excretory organs in earthworms. The 
excretory products are discharged by. tissues into the-blood and coelo- 
mic fluid, this waste is removed from the blood by chloragogen cells 
as described before. Amoebocytes of the coelomic fluid also engulf 
and destroy waste-laden chloragogen cells. Amoebocytes of lymph 
glands can perform a similar function of phagocytosis. Lastly, 
corpuscles of the blood also separate excretory matter from the 


blood. 


Nervous system—The central nervous system consists of a pair of 


suprapharyngeal ganglia 
fused together to form a 
brain which lies dorsally 
in the 3rd segment in the 
groove between the buccal 
cavity and pharynx. From 
the brain, a pair of circum- 
pharyngeal connectives 
arise, one on each side. 
They encircle the pharynx 
and ventrally meet a pair 
of fused sub-pharyngeal 
ganglia lying in the 4th 
segment; thus a nerve 
collar is formed around 
the pharynx. From the 
sub-pharyngeal ganglia 
runs a nerve cord on the 
ventral side up to the 
posterior end. The nerve 
cord is double and is made 
of two longitudinal cords 
fused together. In each 
segment, from the 5th to 
the last, the nerve cord 
has a pair of fused ganglia 
as swellings. Nerve cells 
are distributed all'over the 


nerve cord and are not confined to ganglionic swellings. In inverte- 
brates, ganglia are found in the central nervous system only, but not 


In nerves. 
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Fig. 325 Nervous system. 
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Nerves—From the brain, 8 to 10 pairs of nerves arise and go to the 
prostomium, buccal cavity and pharynx. Two pairs of nerves arise 
from the circum-pharyngeal connectives and go to the first segment and 

SUBEPIDERMAL buccal cavity. From the sub- 
PLEXUS pharyngeal ganglia three pairs of 
nerves arise and go to the 2nd, 3rd 

and 4th segments. The nerve cord 

ganglia of each segment give off 


cated three pairs of segmental nerves, 
сово which supply the various parts of 


the segment in which the ganglion 
is situated. The nerves of the 
nerve cord have both sensory and 
motor fibres and form subepidermal 
plexuses in the body wall. Stimuli 


co SUBNEURAL 1 1 
Seanad Visa from the skin are transmitted by 
NERVE sensory fibres to the nerve cord and 
Fig. 326 Showing thc course of the stimulus is transferred to a 
segmental nerves. fibremotor going to the muscles 


and causing them to contract. This circuit of stimuli or. impulses 
forms a simple reflex arc. The movements of circular and longitudinal 


GIANT FIBRES 
D 


NERVE FIBRES 


NERVE CELLS “ LONGITUDINAL MUSCLES 
Fig. 327 T.S. of nerve cord. 


Muscles are co-ordinated in such a way that the contraction of one 
brings about the relaxation of the other. 

. The nerve cord is covered externally by peritoneum, below which 
ts a layer of longitudinal muscle fibres, and underneath is a fibrous 
€pineurium. The two halves of the nerve cord are divided by a 
double layer of vertical epineurium. The supporting tissue which 
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permeates the nerve cord consists of cells and-fibres and is known as - 
neuroplia.. - The; yentro-lateral regions. of. the nerve. cord contain 
bipolar and tripolar nerve cells,all along the length, and the middle 
region.has many nerve -fibres with supporting neuroglia. Running 
longitudinally in the.upper part of the nerve cord are four giant nerve 
fibres surrounded by epineurium, they are all tubular and filled with 
homogeneous plasma-like matter. Giant nerve "fibres carry impulses 
to longitudinal muscles :of the body wall by which these muscles can 
contract simultaneously. . The giant fibres are responsible for: rapid 
conduction of impulses throughout the nerve cord, the rate of conduc- 
tion of the impulses is 18 to 45 metres per second. B 

Sense. receptors—Earthworms react to a number of external 
stimuli, they give an avoiding reaction when they come in contact | 
with a dry absorptive surface. They have various kinds of receptors. 

Epidermal receptor consists of an ovoid. group of tall cells in 
the epidermis which. cause an elevation of the cuticle; these cells are 
separated from each other by spaces; each cell has a nucleus near the 
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Fig. 328 An epidermal receptor. 

middle and it ends above in slender hair-like processes which репе- 
trate the cuticle and project beyond it. The lower ends of the cells 
are supplied with nerve fibres. The epidermal receptors are found 
all over the epidermis but are most numerous in the lateral and ven- 
tral regions. They are tactile in function and also perceive thermal 
and chemical stimuli. Hence earthworms are very sensitive to touch 
and vibrations transmitted through solid objects, though they cannot 
hear at all. { Газ 

Buccal receptors are found in the epithelium of buccal cavity in 
large numbers, they consist of groups of tall cells which project beyond 
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the epithelial cells; they have sensory hair-like processes and their 

nuclei lie below the middle part. These receptors serve to smell ! 

(olfactoreceptors ) and taste food ( gustatoreceptors). They.can dis- : 
SENSORY HAIRS : 


EPIDERMIS 


Fig. 329 A buccal receptor. 
tinguish between the tastes of different vegetable foods, but the sense ; 
of smell is feebly developed, though earthworms can smell: different j 
types of leaves used as food. 

Photoreceptors—A photoreceptor is a single ovoid cell in the 
lower part of epidermis, It'has a nucleus and cytoplasm; with a 
network, and an optic cell (phaosome or lens) generally of curved 
shape and made of a hyaline substance. One or two nerve fibres | 

enter thisioptic cell. 

Photoreceptors.? are 

found mostly on the 

prostomium and Ist 
. segment; they occur ! 
in lesser numbers in 


mm tst. 
М — CUTICLE 


Sees other segments inclu- 
| LENS ding the last, they 
ЕАС 5 Р: аге not found on 
NETWORK ` УТУШУ the ventral surface. 
; à . Photoreceptors are 

NE : : mA 
RVE FIBRES PHOTORECEPTOR sensitive to light, 


i | = but earthworms act 

„ 330 A photoreceptor: | 

: te р к : d negatively to all but 
cry weak light, hence they retreat into their burrows during day and 

emerge at night. 
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Response to light—The anterior end of an earthworm is very sensi- 
tive to light because of a large number of photoreceptors. Place an 
active earthworm on a wet paper, allow it to crawl a few cm in 
one direction. Keep the worm in a darkened room or shade it well 
from the light. With a torch focus a beam of light on the anterior 
end of the worm as it crawls. Notice the sudden retraction from 
the lighted area. If the worm is kept in complete darkness for one 
hour before the experiment, it will give better results. 

Reproductive system—Earthworms are hermaphrodite having 
both ovaries and testes in the same individual, but cross-fertilization 
occurs because of the relative position of the male and female genital 
apertures, and because earthworms are protandrous, i.e. the male sex 
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Fig. 331 Reproductive organs. 
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cells ripen much earlier than the female cells, so that self-fertilization 
is not possible, 

The male organ consists of two bag-like testis-sacs lying ven- 
trally, one in the 10th and the other in the 11th segment. There are 
two pairs of seminal vesicles, one in the 11th and the other pair in 
the 12th segment. The testis-sacs of the 11th segment become so 
large as to enclose in them the seminal vesicles of that segment. 
Testis-sacs are shut-off spaces of the coelom, and seminal vesicles 
are outgrowths from the septa. Each testis-sac communicates with 
the seminal vesicle of its own side by a tube-like opening. Thus 
the testis-sac of the 10th segment has two openings into the seminal 

¿vesicles of the 11th segment, and testis-sac of the 11th segment has 
two similar openings into seminal vesicles of the 12th segment. 
Each testis-sac contains two testes; they are formed from the lining 
of the testis-sac. Each testis has 4 to 8 small finger-like processes, 
each process is made of round cells, the spermatogonia. The sper- 
matogonia are shed into the testis-sac and pass into the seminal 
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Fig. 332 T.S. of Pheretima through seminal vesicles. 


Vesicles where they undergo maturation divisions and form sper- 
matozoa. Behind each of the four testes is a large spermatic fun- 
tel which has a folded and ciliated margin; the spermatic funnels 
are also enclosed inside the testis-sacs. Each funnel leads into a thin, 
internally ciliated vas deferens, which along with the vas deferens 
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of the samie side pierces the testis-sac and runs.along the ventral body 
wall from the 12th to the 18th segment. The two vasa.: deferentia 
of the same side lie closely. united but can be pulled apart, and to- 
gether they. join a thick prostatic duct in segment 18. 

In segment 16 ог.17 to 20. or-21 is a pair of large, white and irre- 
ERE RR prostate glands lying laterally, each prostate has many 
lobules and its cells.have no definite: outlines. From each prostate 
emerges a thick curved prostatic duct which joins the two vasa 
deferentia of its side, and: the. three ducts are enclosed in a common 
muscular sheath, but.the three ducts remain distinct and open sepa- 
rately. through. a male genital aperture on.the ventral side of the 
18th segment;;this has three separate: apertures. even GE the 18th, 
segment has a pair of male genital apertures.: `= 

: Mature.sperms; re-enter the testis-sacs and through the uns 
funnels they go down: the. vasa: deferentia and are discharged through 
the male genital aperture along with the secretion: of prostate glands; 
the function of this secretion is uncertain: ; 

Female organs—There are two white. ovaries Hen to the 
posterior face of septum 12/13, .one on each side of the nerve cord. 
Each oray has several finger-like processes with developing eges | in a 
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row. Below each ovary in segment 13 is a sinall oviducal funnel 4 with] 
folded and. ciliated 'margin, each funnel leads into a short oviduct.gi 
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The: two. oviducts.converge to. meet. below the nerve-cord and open 
by a single median and:ventral female genital aperture in thc 14th 
segment. The oviducts are ciliated-internally. Eggs come out of 
the ovaries, reach the funnels, pass through the oviducts, ae eventus 
go out from the female genital aperture. : 

There are four ‘pairs of spermathecae, one pair ss in. а 
6; 7, 8 and 9.. Each spermatheca is flask-shaped, the-main body is the 
ampulla ;which;;is: continued. into. a narrow <dict. : Attached to. the 
duct is.a flask-shaped diverticulum. :: Sperms from, another. worm are 
stored in the diverticula, апа: the ampullae provide nourishment for 
the stored. sperms. |The :spermathecae open externally by their. small 
ducts by spermathecal pores lying intersogmentily between segmenta 
516, 6/7,::7/8 and 8/9. 

* Genital papillae of:segments 17th -and 19th: are continued inwards 
as accessory glands, these are tracts of glandular cells; апа CREE зес- 
retion probably helps їп copulation.: рг 

Copulation. ‘and’ cocoon: formatiot—Copulation” has not been 
observed in Pheretima as it takes place underground; here the copula- 
tion of Eutyphoeus is ‘described. At dawn: during the rainy season, two 
éarthworms of adjacent burrows half emerge from them and‘ become 
opposed to each other by their.ventral surfaces with the anterior 
ends pointing:in opposite Ms eat in sucha MY that semoni 9 to 
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Fig. 994 ‘Copulation, B— Cocoon. 


11 of one worm are opposite the сшщ ог the ues In ‘this 
position the male genital. -apertures of each worm. lie opposite the 
spermathecal pores of the other, and these portions.of the two worms 
[get closely attached. ‘The areas of the male genitali apertures are 
raised into papillae and. inserted into the spermathecal pores, so that 
there is a mutual exchange of,sperms and secretion of prostates’ bet- х 
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ween two copulating worms. Copulation lasts for about an hour, 
then the worms separate and move back into their own burrows. 
The clitellum has three kinds of gland cells, some produce mucus 
for copulation, others secrete albumen, while the third kind secrete the 
wall of a cocoon. A membranous girdle or the wall of the cocoon is 
secreted around the clitellum by its glands; this girdle soon hardens, 
then albumen is deposited between the girdle and the body wall. The 
worm withdraws itself backwards from the girdle. As the girdle passes 
and presses over the female genital aperture, it receives eggs and when 
it passes over the spermathecae, sperms are extruded into it through 
spermathecal pores. When the girdle is thrown off from the anterior 
end of the worm, the elasticity of its walls closes up its two ends to form 
a cocoon. Fertilization occurs inside the cocoon. The cocoons are 
oval, light yellow in colour, and are about 2 to 2:4 mm long and 
1:5 to2mm broad. Generally, there is only one embryo in a cocoon. 
Cocoons are laid from August to October in damp situations. In 
8 to 10 weeks’ time, the embryo hatches from the cocoon as a small 
worm. 
Distribution and habits—Earthworms generally inhabit an 
upper layer of earth to a depth of 30 to 50 cm; the conditions 
necessary are some degree of moisture and presence of organic matter 
as food. They can survive hot and dry climates by retreating deeply 
into the ground and rolling themselves into a ball. In summer in 
India, worms descend down the earth as much as 3 metres. Earthworms 
can withstand submersion in water for long periods, though some 
species are habitually aquatic. Some live under the bark and wood 
- rottings of trees or coiled up on leaves in a forest. Some earthworms 
are littoral occurring between tide marks, though they are definitely not 
marine. Earthworms have been found up to an altitude of 3,300 metres 
in the Himalayas, and from a lake at 3,750 metres in Kashmir. 
Presence of earthworms is inferred by their ‘castings’. Castings 
of Pheretima form little heaps of small round pellets lying separately 
near the burrows, while in Eutyphoeus they form coiled tubular towers 
up to 5 cm in height. They come to the surface to defaecate and the 
earth faeces form the castings. 
Earthworms are nocturnal; as a rule they retain their hold on their 
burrows by their tails while gathering vegetable debris, but they also 
wander in search of food. The burrows of earthworms are excavated 
in two ways, firstly by pushing the earth away on all sides by their 
extended anterior end and then forcing the pharynx in, which acts as 
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a wedge; secondly, they swallow the mud. In winter earthworms 
drag leaves and vegetable debris into their burrows and plug the 
entrance. 


Bionomics—Earthworms are continuously bringing out the lower 
soil and depositing it on the surface near the mouths of their burrows. 
The quantity of earth brought up by them is from 4,000 to 9,000 kilos 
per hectare annually. If this mud were spread out uniformly within 
this area (hectare), it would form a 5 ст thick layer in 10 years. Thus 
earthworms have been ploughing the land long before man came. 

When mud is eaten by earthworms, it is ground in the gizzard and 
organic matter is added to it from leaves, the mud is acted upon by 
digestive juices and greatly enriched, thus giving plants a better 
growth. Formation of enriched soil by the earthworms in this manner 
is called *vermicomposting". The nephridial excretions also enrich 
the soil. Earthworms are useful in reducing pollution of the soil as 
they eat and digest superfluous chemical fertilizers. 

Their habit of burrowing makes the soil loose and porous, so that 
air can reach the roots of plants, and bacteria in root nodules of some 
plants can utilize the nitrogen of the air for making nitrates. 

Castings of worms around rocks, lime and cinders help to bury 
them by raising the surface of the ground, at the same time the bur- 
rows collapse and rocks sink in a little. Thus earthworms have helped 
to bury old ruins and articles of archaeological interest. 

Certain earthworms are used as food by Maoris. Earthworms are 
also used for medicinal purposes; they are used for reducing the size 
and finally removing bladder stones; in India they are used for curing > 
gout. Their изе in fishing is well known. 


Questions 


1. Which segments of the earthworm will you examine to study 
its externals? $ 
How would you differentiate Pheretima from Eutyphoeus in the 
natural habitat? 

How and why an earthworm retraces in its burrow much before 
someone approaches it? 

Of what use are the pores on the back of the earthworm? 
Where would you look for the setae in an earthworm? 

An earthworm swallows earth. What nourishment does the soil 
offer to the earthworm? 


SA aR tee ВБ 
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7. Whyisit:that Eutyphoeus appears on the surface only after the 
. first monsoon shower, but Pberetima waits for a few- more 
subsequent showers ? 


8. How does an earthworm conserve water in its body? 


9. Which muscles upon contraction will make the body of an earth- 
worm long and thin ? 


10. Which coelosepta are cone-shaped ? 


11. ` How is it that in the gizzard its lining is not damaged while the 
soil containing sand particles is ground up ? 


12. Name the muscles and their insertion toat operate the setae of 
. the earthworm. i T 
13. Differentiate between : i oet 
(a) typhlosole and intestinal caeca. ^" : 
- (b).seminal vesicles and spermathecae.. ' 
* (c) chloragogen cells and leucocytes. 
(d) lymph glands and blood glands. ~~ из 
14. Which segments of Pheretima have hearts ? 


15. What is the basic difference between the blood of earthworm 
and the blood of frog ? 


16. Where does oxygenation of blood take place in an earthworm ?. 

17. Of the three kinds of, enephridia which is the most advanced 
and why ? 

18. What excretory. products an earthworm puts out ? 

19. Which organs of Pheretima respond to lign ? 

20. Give the exact location of :— 


(а). seminal vesicles, . (b) ovaries, - 
(c) prostate glands, : (д) cocoon-forming glands, 
(e) typhlosole, (f) blood. glands. 
21. Where and when does copulation take place in Eutyphoeus and 
Pheretima ? 


22. Where does actual fertilization in earthworm take place ? 

23. Where would you look for cocoons of earthworms ? 

24. How would you differentiate between the transverse sections of 
‚ earthworm through gizzard, pharynx and typhlosolar intestine. 
` Illustrate your answer. ' 

25. Draw an L. Н. section of anterior 15 segments of the earthworm. 

26. Vermicomposting means : 

(a) removal of worms, : 

(b) making of enriched soil Бу, the Ese | ; 

‚ (c) adding dead worms to the decayed leaves or. , compost. y 
27. Mention two functions of spermathecae. 
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28. 


29. 


30. 


31. 


32. 


33. 


40. 


41. 
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Red-coloured plasma is found .in— i үч 
mosquito / earthworm */ cockroach /'camel / pigeon.. ` 
Copulation in Pheretima takes place : fa ГУ 
(a) onthe surface, .. ' (b) inside the pond. 
(c) under moist ground,* (d) under stones and pebbles. 
Lower surface of ап earthiworm feels rougher than the top surface 
because of : -~ 13:22 EA 1 : Y 
(a) segmented rings on the body; (b) tiny scales on its body; 
(c). bristles on its body*; :' (d) pores on its body. - 
Animal whose heart does not pump blood ‘like a traditienal 
heart is the : ” (uris c Z 
cockroach / snail / earthworm*'/ mosquito. 
Haemopoiesis in earthworm takes place in the— | 
lymph glands] salivary glands / coelomic epithelium / blood 
glands* / typhlosole. 
Enteronephric nephridia are physiologically meant to : 
(a) eliminate excretions through digestive wastes, 
(b) to conserve metabolic water*, 
(c) to remove surplus water, 
(d) to remove dead coelomic corpuscles. 
Stuctures present only in 7th and 9th segments of Pheretima 
posthuma are : lateral hearts*/ pharyngeal nephridia/ ganglia/ 
spermathecae. (СРМТ-1984) 
Fertilization in Pheretima posthuma occurs in : cocoon*/sperma- 
thecae/ coelom/ seminal vesicles. (CPMT-1984) 
Earthworm is known to possess : 
lateral hearts*/ lateral ventricles/ lateral spiracles/ spiracles. ó 
(CPMT-1985) 
Earthworms are : 
ureotelic*/ ammonotelic/ amniotelic/ uricotelic. (CPMT-1985) 
Flow in dorsal vessel of earthworm is : 
backwards/ forwards*/ backwards in half of it and forwards in 
another half/none of these. (CPMT-1986) 
Clitellum of earthworm is concerned with : 
copulation/ storage of sperms/ release of sperm from male 
genital pore/ cocoon formation* (CPMT-1988) 


Functioning of which one of the following is the nearest com- 
parable with chloragogen cells of Pheretima : 

kidney/ liver*/ spleen/ sweat glands. (CPMT-1988) 
In Pheretima spermathecae are found jn segments :— 
4th—7th/ 6th—9th*/ 9th—12th/ 17th—20th (PMT—1990) 
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Two pairs of heart in Pheretima occur in segments :— 

7. 9 & 12, 13*/ 9, 10 and 14, 15/ 6, 7 and 9, 10/ None 
(PMT—1990). 
Syncytial epidermis is found in: Sponges/ hydra/ Ascaris* 
Pheretima. (PMT—1990) 
Gizzard of Pheretima is an organ of: secretion of saliva/ of 
absorption of food/ of excretion/ for crushing food.* 

(PMT—1990) 

Which are exonephric : pharyngeal/ septal / integumentary 
nephridia*/ none. (PMT—1990) 
Clitellum of earthworm comprises the following body segments : 

14, 15, 16*/ 13, 14, 15/ 15, 16, 17/ none. (PMT—1990) 
In Pheretima : blood is colourless/ haemoglobin in plasma 
alone*/ haemoglobin in plasma and corpusles/ haemoglobin in 
corpusles only. (PMT—1990) 
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ARTHROPODA 2 


Arthropods (arthron=joint, podos=legs) are bilaterally symmetri- 
cal, coelomate and metamerically segmented animals. Each typical 
segment generally bears a pair of stout, jointed appendages, of which 
at least one pair functions as jaws. There is a well-developed head 
bearing appendages. The body is covered by a chitinous cuticle 
which forms an exoskeleton. It is in the form of plates or pieces 
called sclerites. Prawns, shrimps, crabs, insects, scorpions, spiders, 
millipedes etc. are arthropods. 


Macrobrachium( = Palaemon) —the prawn. 

Macrobrachium is the fresh water prawn of Orissa, Bengal and Bangla- 
desh. Usually, it lives in slow-moving rivers and streams. Prawn is 
bilaterally symmetrical and metamerically segmented. The number of 
| segments is constant, there being 19 segments in the adult prawn, 
divided thus : 5 in the head, 8 in the thorax and 6 in the abdomen. 

Head and thoracic segments are united to form a cephalothorax. 

| Whereas cephalothorax is compact and rigid, the abdomen is movable 
and normally bent downwards. The exoskeleton is typically like that 


° 


of cockroach; for instance, in a segment of the abdomen, there isa 
tergum sclerite on the dorsal side, a sternum below, and pleuron plates 
on the sides. These sclerites, however, are united in the cephalothorax. 
The cephalothoracic terga and pleura form one composite sclerite 
called carapace. The carapace is produced mid-dorsally into a for- 
ward serrated spine, the rostrum. The sides of the carapace form 
flaps over the gills, hence called gill-covers. The sternum sclerites 
are not united. Cephalothorax and abdomen are movably jointed by _ 
Means of soft arthrodial membrane. Such soft and flexible membra- 
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nes are present at all joints in the body. Behind the last abdominal 
segment is a conical piece of hard chitin called telson. 


CEPHALOTHORAX EE COMPOUND 
шр: ИЕЛ“? EYH 


,.,Fig. 335 „Macrobrachium (the large river prawn). 5 E 

„There is a pair of stalked compound. eyes at the base of rostrum. 

The ventral surface of the heàd is bent upwards so as to face forward 
instead of downwards. The mouth lies in this part of the head." - 

Appendages—A pair of. appendages аге movably attached to the 


ventrolateral sides ofeach segment. They тау Ье summarized thus : 
| * Appendages of Macrobrachium sans 


. + yi i "ME e.a м 
Segments Namgob | Remarks > 2: 
appendage | i : 


Region 


i i Ч о 
This is only in the: embryo. 
The segment. and appendage 
both disappear in the adult. 


~ VS ч д 


| | both disappear in the adult, 
| with long feelers, the bases 
2+ а гашепашез | {have statocysts. 
3 S$: i e * with long feelers, the bases 
M antennae | 4 have excretory glands. 
4 | J | mandibles bear teeth and grinding sur- 
3 , Tei | aces. А | À 
5 е, maxillulae maxillulae, maxillae and man- 
6 1 8 | maxillae | dibles are the mouth appenda- 
PRS "t | ges; maxillae have fan-shaped 
L | 


& 


сі | exopodites that set up: currents. 
of water in the gill chambers. . 
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i 1 7 maxillipedes I bear сродна which aid brea- 
ў 8 maxillipedes II lege bear gills and epipo- 

= 9 © maxillipedes | leg-like; bear epipodites. 

aj 10,11,12) 6 I-V walking | I & II legs chelate; II leg much 

.) 13 & 14 | legs. longer in male than in female; 

4 


III pair bears female genital 

openings and V pair bears the 

í male genital openings. 

j 15 | pleopod 1 pleopods help in swimming and 
| pleopod 2 in female hold the fertilized 


17 E pleopod 3 eggs; 
18 E pleopod 4 I pleopod has no appendix 
19 © pleopod 5 interna. 
3 II pleopod of male has, in addi- 
9 tion, an appendix masculina. 
20 uropod Uropod or tail-fan is used in 


rapid backward swimming. 


| 
| 

Typically, an appendage consists of a stalk or protopodite of two 
joints : a coxopodite and a basipodite and a pair of blades or rami 
mounted over the stalk. Of the two rami, the outer is called exopodite 
and the inner is called endopodite. 
Abdominal appendages—These, being the simplest, are dealt with 

first. Abdominal appendages 1-5 are called pleopods or swimmerets, 

| the 6th is called a uropod or tail-fan. Pleopods 3, 4 and 5 are typical 
| 
| 
| 
| 


COXOPODITE 


ODITE 2 - 
Dd BASIPODITE E 


APPENDIX 


J| APPENDIX 3 
INTERNA Ak 


PLEOPOD PL ; 
ist E EET говор UROPOD 
9nd Srd , 4th or Sth 
OF MALE 


Fig. 336 Abdominal appendages. 
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and each has a small hairy process on the side of the endopodite, 
called appendix interna. Appendix interna is absent in the first pair 
of pleopods. Only in male the second pair of pleopods have an 
additional hairy club-shaped appendix masculina. The uropods have 

very broad exopodites and endopodites. Uropods are used for a 

backward spring time of alarm. 

Head appendages—The adult prawn has five pairs of head or 
cephalic appendages. 

(i) The antennules—These have a three-j ointed stalk and the rami are 
in the form of long feelers. The first joint or podomere of the 
stalk is a precoxopodite. Precoxopodite contains the statocyst— 
the organ for balance of the body. Outer feeler is divided into 
two; the inner feeler has special setae that are olfactory. 


INNER | 
FEELERS/ AJ 
GER INCISOR 


opi, PROCESS 


= М ALP 
ZN NYX BASIPODITE 


: CAU MOLAR SEN 
>=] Y PROCESS Es 


Ў 


УЗУЫ (COXOPOD|TE ^"; APOPHYSIS 


жй, 


ANTENNULE ANTENNA MANDIBLE 


Fig. 337 The head appendages. 


(ii) The antennae also have feelers as long as the entire body. The 
exopodite isin the form of a flat-plate called squama. The 
coxopodite contains the excretory gland and its exit. 

(iii) The mandibles—They bound the mouth from the right and left 
and are made up of hard chitin. The stalk is hollowed in for 
the insertion of strong muscles that move the mandible. This 
part of the stalk is called apophysis. The rami forma molar 
process and an incisor process. The molar process bears 
5-6 grinding teeth, similarly the incisor process bears three spine- 
like cutting teeth. A small mandibular palp is attached to stalk. 
Mandibles are used to cut and chew the food. 
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(iv) The maxillulae are of small size and without exopodites. Stiff 
н setae оп the basipodite and endopodite help in grinding the food 
into the mouth. 
( v) The maxillae are of large size and much flattened. The basi- 
podite is produced into two stiff gnathobases. Endopodite is 
small, but exopodite is large fan-shaped and used to push a 
current of water over the gills. With gnathobases, the maxillae 
manipulate food particles into the mouth. 


ENDOPODITE 


SM 


“N EXOPODITE 


BASIPODITE 


COXOPODITE-( 5: 
"TÁAXILLULA 
f; CEXOPODITE 
PROPODUS 


MAXILLA „ 


PROPODUS -r77 


[| MERUS + 
j ISCHIUM 


| ENDOPODITE 
:\ 2} -EXOPODITE 
= | сохОРбОТЕ INS p BASIPODITE 
YI б © 


| 
MAXILLIPEDES 
Fig. 338 Appendages of the cephalothorax. 
| 
| 


Thoracic appendages—Three pairs of maxillipedes and five pairs 
of walking legs are the appendages of the thorax. 

(i) First maxillipedes—are flattened and bordered with setae. The 
coxopodites are produced into a pair of leafy epipodites which 
work as accessory breathing organs. 

(ii) Second maxillipedes—are shaped partly as first maxillipedes and 
partly as walking legs. On the outer edge of coxopodite are an 
epipodite and a true gill. Endopodite is divided into five podo- 
meres: ischium, merus, carpus, propodus and dactylus. Exo- 
podite is unjointed. 

(iii) Third maxillipedes—are more or less leg-like. Endopodite is 
jointed but some joints are united. Ап epipodite is present. 
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Five pairs of walking legs or peraepods have roughly similar 
structure. In each, the endopodite is long and jointed, forming the 
main part of the leg. Exopodite and epipodite are absent. The first 


oACTyLus PROFODUS 


CARPUS 
COXOPODITE 


IS 
BASIPODITE' 


COXOPODITE ISCHIUM CARPUS: DACTYLUS 
BASIPODITE MERUS PROPODUS 


SEER RY гїл сс аша ) 
WALKING LEGS 


Fig. 339 Appendages of the cephalothorax. 


two legs have undergone curious modifications, by which their ends 
are converted into pincers or chelae. The first leg is relatively thin 
and delicate, and is turned forward on the top of maxillipedes, lying 
doubled over, just behind them. The second leg is largest of all and 
is used to catch the food, defend or attack. This leg is also much 
larger in male than in female. 


Periplaneta americana—The Cockroach 


Periplaneta americana, the cockroach, is an insect which is found 
in kitchens, but prefers more roomy accommodation, such as bakeries, 
restaurants, and the sewage, where there is plenty of food and warmth. 
It is one of the largest of cockroaches, up to 4 cm long and has wings 
in both sexes. A slightly smaller dark brown to black cockroach 
Blatta orientalis or oriental cockroach, in which the wings are vestigial 
in the female, is also found in similar but damp situations. A still 
smaller (average adult size=15 mm), light brown and very agile 
cockroach is common in the kitchens, this is called Blatella germanica 
or German cockroach. The cockroach is a nocturnal animal, hiding 
in holes and crevices in the day, and coming out to feed at night 
when it tastes objects like clothes, shoes, books and human food. It 
is omnivorous in its diet. It is a fast runner though it can fly. Its 
natural enemies are birds, hedgehogs, moles, shrews, rats, lizards and 
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a wasps. Powdered borax or benzene hexachloride sprinkled in their 
hiding places will expel cockroaches from homes. 


Differences between Periplaneta and Blatta 


Periplaneta americana 


35 mm long and glistening 
brown in colour. 

Wings equally well developed 
in both sexes. 


At rest, wings cover the entire 
length of the abdomen. 
Both sexes can fly for some 
distance. 

Egg-case or ootheca is 9-12 
mm long and brown in 
colour. 


External features—The body is elongate, segmented, and flat-: 


Blatta orientalis 


20-25 mm long, and blackish 
in colour. E 
Wings small, well developed 
in male only, vestigeal in 
female. 

Wings of male fall short of 
the length of the abdomen. 
None of the two sexes can 
fly. 

Ootheca 7-8 mm long and 
black in colour. 


divided into three distinct divisions—the head, thorax and abdomen. 


ANTENNAE 


5 
tened dorsoventrally. Typical of an insect, the body of cockroach is 


Fig. 340 Periplaneta americana. _ 
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Fig. 341 Periplaneta americana (dorsal). 
Head—The head lies at a right angle to the longitudinel body-axis 
but it is highly mobile in all directions due to a flexible neck. It is 


VERTEX 
OCELLAR SPOT 


Fig, 342 Periplaneta head (anterior view). 
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Fig. 343 Periplaneta head (posterior view). 
ovate in shape but flattened antero-posteriorly and is formed by the 
fusion of six segments, this segmentation is not visible in the adult, the 
sclerites having fused together to form a head capsule. At its upper 
side it bears two large black-coloured kidney-shaped compound eyes. 
The top of the head capsule is called the vertex. In the young 
cockroach (—nymph) the vertex is divided by an inverted Y-shaped a 
epicranial suture into two epicranial plates, but the epicranial suture 
disappears in the adult cockroach. The head capsule splits at the:. 
epicranial suture during moulting. Below the vertex is a frons ante- 
riorly, it has a ventral clypeus. In most insects there is a suture be- 
tween the frons and clypeus, but this is absent in the cockroach, The 
lower part of the clypeus is membranous and from it hangs a labrum 
or upper lip. In the angle between the eyes and antennae are two 
small pale-coloured areas called ocellar spots or fenestrae, they are 
] 


undeveloped ocelli or simple eyes. On the sides of the head capsule 
із а gena below each compound eye. At the back of the head is a 
large rectangular occipital foramen which connects the cavity of the 
head with that of the thorax. 

The head bears appendages, in the form of paired antennae, mandi- 
bles, and I & II maxillae. 
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CERVICAL 
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Fig. 344 Periplaneta, head and neck (lateral view). 


The antennae arise from membranous sockets lying below the 
eyes. Each antenna has three parts—a large basal segment, the scape, 
followed by a smaller pedicel, and a long filamentous, many-jointed 
flagellum or filament which tapers to a point. The antennae can be 
moved in all directions, they possess small olfactory bristles which 
detect odours. 

Mouth parts—The appendages that help in feeding and transferring 
food into the mouth are spoken of as mouth parts; they are a lab- 
rum, two mandibles, two I maxillae, a labium, and a hypopharynx. 
(1) Labrum is a flat lobe suspended below the clypeus, it is lined 
internally by a chitinous epipharynx. Labrum lies as an upper lip 
in front of the mouth, it is moved by muscles inserted on its base. 
(2) Mandibles are suspended from the sides of the head capsule and 
have a ball-and-socket attachment with the head. Each mandible is 
stout, heavily chitinized having tecth-like structures on its inner edge. 
On its upper inner edge is a soft prostheca. Басһ mandible is worked 
by four muscles. The mandibles work as jaws and are used for crush- 
ing and cutting up food; when the two mandibles meet the teeth of the 
left mandible anteriorly overlap those of the right, and between them 
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food is broken up by biting and chewing. Mandibles are operated 
by two sets of antagonistic muscles : adductors, which bring the two 
mandibles together in front of the mouth for crushing the food; 
abductors, which pull the two mandibles apart. (3) I Maxillae—There 
are two maxillae, one on each lower side of the head capsule. Each 
maxilla has a basal portion formed by a cardo and stipes bent at an 
angle to each other; from the outer side of the stipes arises a five- 
jointed sensory palp, at the base of the palp is a small sclerite, the 
palpifer. From the inner side of the stipes arises a double outgrowth 
consisting of an outer hood-like galea, and an inner lacinia which is 


MUSCLES 


ie 
PALPIFER | 


Ыз 


` HYPOPHARYNX SALIVARY DUCT 
А e 


Е А 
Fig. 345 Mouth parts of Periplaneta. 
A—Labrum (inner surface), B—Mandible, 
C—Maxila, D—Labium, E—Hypopharynx. 
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a flat, tapering lobe ending in two sharp claw-like projections, its 
inner margin bears stout bristles. The maxillae hold food by the claws 
of the lacinia, and bring it to the mandibles for mastication. Maxillae 
are also used for cleaning the antennae, palps and front legs. 
(4) Labium or II maxilla forms the lower lip lying behind the mouth; 
it represents the second pair of maxillae which have fused together 
into one. The labium hangs from the posterior lower side of the head 
capsule. It has a proximal postmentum divided into a large submen- 
tum and a small mentum. The distal part of the labium is a paired 
structure resembling a pair of maxillae united at their bases. It con- 
sists of a prementum or stipes below the mentum, and on each side 
has a 3-jointed sensory palp; at the base of each palp is a small 
sclerite, the palpiger. Between the palps are four lobes, two median 
and smaller glossae, and two outer and larger paraglossae. The labium 
takes no active part in feeding, but the glossae and paraglossae together, 
termed the ligula, prevent the food particles from dropping out of the 
mandibles. (5) Between the maxillae and in front of the labium is 
. a flat cylindrical structure called hypopharynx or lingua, the common 
salivary duct opens on the base of the hypopharynx. 

Internal skeleton—The exoskeleton is carried inwards to form 
apodemes for attachment of muscles. The apodemes constitute the 
endoskeleton which in the head forms the tentorium. The tentorium 
lies inside the head capsule below the occipital foramen; it has a flat 

plate-like body with an 
aperture for nerves; from 
the body arise three pairs 
of arms—a pair of anterior 
arms, a pair of posterior 
arms, and a pair of slender 
dorsal arms. The tento- 
rium braces the head cap- 
sule and is for attachment 
Fig. 346 The Tentorium. ` of шыс of the mouth 
arts. 
In both mesothorax and metathorax isa Soe median tubu- 
lar apodeme arising from the sternal region, and projecting upwards 
between the two cords of the nerve Сога; they are in the anterior part 
of the segments. Arising from the posterior region in both mesothorax 
and metathorax is a pair of wing-like apodemes, one pair in each 


segment. These apodemes are for attachment of leg muscles, 
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Neck or cervicum is a slender soft region supported by chiti- 
nous cervical plates, two dorsal and two ventral. The neck has 
muscles which retract and protract the head and turn it up or down 
or from side to side. The cockroach, like other insects, can actually 
stretch its neck. 

Thorax—The thorax consists of the three segments, the prothorax, 
mesothorax, and metathorax. Each segment bears a pair of walking 
legs, the mesothorax and metathorax also bear a pair of wings each. 

The exoskeleton of each thoracic segment is formed by four chi- 
tinous pieces or sclerites—a dorsal tergum (the thoracic terga are 
also called nota in insects), laterally each side has a pleuron, and 
ventrally there is a sternum (Fig. 349). Between the sclerites of each 
segment and between the sclerites of adjacent segments are thin, soft, 
flexible articular membranes which join the sclerites. 

f ,: The prothorax has a large pronotum of the shape of a triangular 
shield, its anterior margin overlaps the retracted head and the poste- 
rior margin covers the bases of the wings; the mesonotum and meta- 

` notum are ‘smaller, they are flat and rectangular with irregular lateral 
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Fig. 347 A—Leg, B—Terminal part of tarsus. 
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margins. On each side of a thoracic segment is a pleuron. Ventrally 
the thorax is largely membranous, but in each segment the sternum 
is in the form of two plates, one anterior and the other posterior. 
Legs—The three pairs of walking legs are similar, each consists of 
five segments, a large basal coxa articulating with the thoracic seg- 
ment, between the pleuron and sternum, by means of a strong flexible 
arthrodial membrane. Соха is followed by a small trochanter which 
is freely movable on the coxa but is fixed to the next segment, the 
femur, which is long and broad; this is followed by a long uniformly 
thick tibia which bears stout bristles, the tibial spurs; the last segment 
is a tarsus having 5 movable joints or podomeres which have fine bristles 
and their lower sides have soft adhesive pads, the plantulae. The last 
podomere of the tarsus is often called a pretarsus and it terminates 
in two curved claws or ungues. Between the claws is a soft hollow 
lobe, the arolium, having small bristles, the arolium is an adhesive organ 
for holding to smooth surfaces which the claws cannot grasp. 
Locomotion—When the cockroach is at rest, the coxae of the legs 
lie back against the body and the first legs are directed forward, the 
hind legs are stretched out posteriorly and the middle legs taking 
whatever position is convenient. During locomotion the first pair of 
coxae, which are smaller than the others, are turned downwards, 
and the front legs are directed forwards, they determine the course 
of the insect during walking or running. In locomotion on land 
the six legs are used as two tripods. The first and third legs of one 
side and the middle leg of the other side form a tripod on which 
the insect rests while the other three legs are advanced and placed 
* on the substratum. Then the first leg pulls and the third leg pushes 
and the middle leg of the opposite side acts as a pivot. The process 
is repeated by the other three legs and the insect moves in a zigzag 
course. The motion is co-ordinated by the nerve cord. 
Wings—There are two pairs of wings, the first pair arises from 
the mesothorax and the second pair from the metathorax, being 
attached to the antero-lateral margins of the terga. The anterior pair 
of wings is thick and leathery, they are known as elytra or tegmina, 
they are protective and cover the hind wings (Fig. 341); in a folded state 
the left tegmen partly overlaps the right. The posterior pair of wings 
are membranous and larger, and they lie folded below the tegmina 
when at rest. The wings are formed as outgrowths of the integument 
from between the tergum and pleuron. Each wing has two thin 
membranous layers with tubular and chitinous prolongations of the 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


a ioe Immuun 


ARTHROPODA 461 


haemocoel between them known as veins or nervures which contain 
blood in the early stages. Nervures are strongly chitinized and enclose 
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Fig. 348 T.S. of thorax (part) to show muscles of flight. 
a small trachea, the larger ones also contain a fine nerve fibre each. 
! The cockroach has a poorly developed set of wing muscles, yet it can 
fly fairly well, but ordinarily it walks or runs and hardly ever uses its 
wings. In flight, the wings are stretched horizontally, the anterior 
. 1ST. STERNUM margins of the wings remain rigid but 
с the rest of the wing yields to air 
pressure as the wings are moved up 
and down, so that when the wing 
moves downward it is curved upwards, 
and as the wing moves upward it is 
bent downwards; hence by becoming 
deflected the wings encounter pressure 
from behind which propels the insect 
through the air. A longitudinal dorsal 
muscle lying below the terga raises} the 
terga by which the wings are moved 
down (Fig. 348), a tergo-sternal muscle 
running from the tergum to the sternum 
on each side of the thorax pulls the 
tergum down by which the wings are 
moved up. 

Abdomen—The abdomen is broad, 
somewhat flattened anteriorly. It has 
Fig. ten segments. A typical abdominal seg- 

RE dA E ment has a dorsal tergum, eet 
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sternum, and between them a narrow membranous pleuren on each 
side. Dorsally, the abdomen has 10 terga, but the 9th tergum of the 
male, and 8th and 9th terga of the female are largely covered by the 
7th tergum. Тһе 10th tergum is shield-shaped with a deep cleft 
posteriorly. The tenth segment bears a pair of long, tapering, fifteen- 
jointed anal cerci. Ventrally, there are nine sterna in the male but 
only seven are visible externally in the female. The first sternum is 
a small sclerite. The ninth sternum of the male has a pair of slender 
unjointed anal styles which are absent in the female. The seventh 
sternum of the female is produced backwards into a pair of large 
oval apical lobes or gynovalvular plates which form a keel-like struc- 
ture, this rounded keel at once distinguishes the female from the 
male. The 8th and 9th sterna of the female have been invaginated 
inwards (Fig. 350). In the male a group of genital structures may 
project slightly from the end of the abdomen. The genital apertures 
in both sexes are surrounded by sclerites called gonapophyses; in the 
male they form the external genitalia or external genital organs. In 
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Fig. 350 Posterior end of abdomen of female (lateral). 
the female the gonapophyses form an ovipositor. In the 10th segment 
just below the tergum is the anus supported by four podical plates. 
The articular membrane between the 5th and the 6th abdominal 
terga forms a deep pocket in the male, the pocket has two slit-like 
pouches (stink glands) which are probably glandular and produce a 
secretion sought after by the female during the breeding season. Such 
glands are absent in the females. 
Spiracles—There are ten pairs of spiracles or stigma it- 
like apertures; there are two on the thorax and eight pric ген 
on each side (Fig. 362). The first pair of thoracic spiracles lies on the 
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pleuron between the prothorax and mesothorax, the second pair lies. 
between the mesothorax and metathorax. The abdominal spiracles 
are smaller than the thoracic ones, the first pair lies dorsally in the 
first abdominal tergum, the remaining seven pairs lie on the pleuron 
of segments 2 to 8 (Fig. 350 & 362). 

Integument of cockroach and insects in general: There are two 
main layers in the skin, epidermis below and cuticle above. Epidermis. 
or hypodermis is composed of a single layer of columnar epithelial 
cells supported over a basement membrane. Cuticle layer is thick and 
constitutes the exoskeleton of the insect. Chemically, cuticle is a 
mixture of polysaccharides and amino-acids called polyglucosamine 
or chitin. Chitin combines the strength and elasticity. It not only 
covers the whole of the insect body, but also lines parts of alimentary 
canal and respiratory system. At places chitin is hardened into plates 
called sclerites. Terga and sterna are such plates. Hardening is not 
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Fig. 351 Section of typical insect integument. 


due to calcification; instead, it is due to the impregnation of certain 
Proteins (scleroproteins). Often certain phenolic oxidizing substances 
Cause tanning of the chitin. At the junctions of sclerites, the chitinous 
Cuticle becomes inflected to provide movement and flexibility at the 
Joint. Cuticle is secreted in the cells of the epidermis, which keep | 
Оп pouring the secretions into numerous vertical pore canals. Por 
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canals transport the newly produced cuticle to the surface where it 
keeps on replacing the old cuticle. 

Cuticle layer itself is composed of three coats : 

(i) Endocuticle which lies immediately over the epidermis, 
(ii) exocuticle in the middle, and (iii) epicuticle on top. Newly secreted 
cuticle first collects as a layer or lamina and becomes a part of the 
endocuticle. It is for this reason that the endocuticle appears to be 
laminated. As new layers are added from below, the older layers 
move up and by the time they reach the exocuticle, the cuticle becomes 
sclerotized and tanned. Thus, exocuticle is composed of sclerotized 
and tanned layers of cuticle. 

Epicuticle, though a thin layer, is composed of four ultralayers: 
cuticulin layer below, next a polyphenol layer, then a wax layer and 
finally a cement layer on the top. The wax layer makes the cuticle 
smooth, water-proof and prevents loss of water in the form of vapour. 
For these reasons the insects can live in almost dry environments. 

Epidermal cells are often modified into gland cells. Such dermal 
glands in the mouth parts produce saliva. At some other places they 
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Fig. 352 Ultrastructure of epicuticle. 


produce smelling substances. In cockroach, too, such glands give it 
a characteristic smell. In the honey- | ы 

substances called pheromones. Eee een кое 

Hairs or bristles over the skin of insects are als ivati 

epidermal cells called trichogen cells. Such cells aci аныны ba 
into the cuticular bristles and are covered with layers of endo- and 
exo- cuticle. Basal part of a trichogen cell is protected within a mem- 
brane secreted by a modified epidermal cell called tormogen cell. 
Neurosensory cells are also scattered in the epidermis. Specialized 
epidermal cells known as oenocytes are probably endocrine in nature 
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and produce hormones. Haemocytes, a variety of blood cells, are 
commonly adhering to the basement membrane. 

Alimentary canal—The functional mouth cavity is a space in 
front of the mouth into which the food is received; it may be called 
a pre-oral cavity. This cavity is bounded in front by the labrum 
and an epipharynx which is a chitinous lining of the labrum, 
posteriorly is the labium, and on each side is a mandible and a 
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Fig. $53 Alimentary canal of Periplaneta. 


maxilla; inside the pre-oral cavity projects a large tongue-like E | 
Pharynx. At the base of the pre-oral cavity is the mouth leading into 
а tubular pharynx which passes vertically upwards, then it bends 
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backwards into an oesophagus which passes through the neck into 
the thorax. The oesophagus dilates into a large thin-walled pear- 
shaped bag, the crop, which extends well into the abdomen; the 
crop opens into a gizzard or proventriculus. The gizzard is a 
round, thick-walled knot, its lining has six large cuticular thickenings 
or teeth with deep grooves between them having fine bristles. Food 
is crushed in the gizzard and strained through bristles. From the 
pre-oral cavity up to the end of the gizzard, the alimentary canal is the 
stomodaeum because it has a cuticular lining continuous with the 
exoskeleton. Behind the gizzard is a tubular mesenteron or mid gut 
lined with endodermal cells. The cellular lining of the gizzard is folded 
back into the mesenteron to form a stomodaeual valve (Fig. 354). The 
valve prevents reversal of food into the gizzard after it has once passed 
into the mesenteron. The cells of mid gut are mainly absorptive. 
Here the food is digested and digested food is absorbed. From the 
anterior end of the mid gut arise eight tubular and glandular gastric or 
hepatic caeca. Behind the mid gut is a hind gut or proctodaeum with a 
cuticular ectodermal lining ; the hind gut has a short tubular leum or small 
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Fig. 354 L. S. of fore gut and Fig. 355 Т. S. of gizzard. 
anterior part of mid gut 

of cockroach. 


intestine, followed by a long and coiled colon or large intestine, finally 
it terminates in a broad rectum which opens by an anus lying posteriorly 
below the 10th tergum. The cuticular lining of the rectum is raised 
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into 6 long rectal folds or papillae for the absorptiou of water from 
the faeces. At the junction of the mesenteron and hind gut is a large 
number of very fine, yellow Malpighian tubules, they are the kidneys of 
cockroach and put out excretions into the hind gut. 

In connection with the alimentary canal is a pair of salivary glands 
which lie one on each side of the crop. Each gland has two 
glandular portions and a bag-like reservoir or receptacle. From the 
glandular portions of the two sides arise ducts which unite to form 
a common salivary duct which opens into the common receptacular 
duct from the dorsal. Two ducts from the reservoirs also join to form 
a common receptacular duct. Finally, the two common ducts join to 
form a thicker efferent salivary duct which opens in the pre-oral cavity 
atthe base of the hypopharynx. The ducts of glands and reservoirs are 
peculiar in having a spirally-thickened cuticular lining as in tracheae, 
to prevent them from collapsing even when empty. 

RESERVOIR GLAND 


DUCT OF RESERVOIR j DUCT OF GLAND 


EFFERENT SALIVARY DUCT HYPOPHARYNX 


Fig. 356 Salivary apparatus. 

Food and digestion—The food of cockroach consists of any kind 
of animal or plant matter; it eats dead insects and even its 
Own cast-off cuticle, thus it is omnivorous; but it tastes almost 
anything it comes across. The maxillae pick up and bring food 
to the mandibles, the teeth of the mandibles bite and chew the 
food. The maxillae, prostheca of the mandibles, and the labium 
help to push the food into the pre-oral cavity from where it goes to 
the mouth, the function of the hypopharynx in this connection is not 
Clear. In the pre-oral cavity, the food is mixed with saliva. The 
Saliva contains an enzyme amylase, which acts upon carbohydrates 
Changing them into glucose which is absorbed by the crop. The 
food then comes to the crop, where digestion occurs, because enzymes 
enter it from the mid gut through the grooves of gizzard. The teeth 
9f the gizzard crush the food and the gizzard also acts as a filter, 
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allowing only small food particles to pass into the mid gut. Enzymes 
are produced by the mid gut and hepatic caeca; they digest proteins 
and fats changing them into peptones and an emulsion respectively. 
Intestinal wall is not lined with villi as in higher animals. The 
dissolved nutrients diffuse through a delicate membrane, composed 
of chitin mixed perhaps with some protein and known as peritrophic 
membrane. This is secreted by the gizzard. Peritrophic membrane 
is permeable to both enzymes and digested food, and the process of 
digestion is completed in it. It also protects the lining of mid gut 
from hard food particles. Digested food is absorbed in the mesen- 
teron and hepatic caeca. The rectum takes out water from undi- 
gested parts and thus conserves the much-needed water. Some of 
the absorbed food is stored as reserve in the form of fat, glycogen, 
and albuminous substances in the fat body lying in the haemocoel. 
Digestive enzymes of cockroach 
AORTA C are the same as in a vertebrate, 
except that there is no pepsin, 
нлємосоєів, 20d the enzymes act in a more 
acid medium than in a verte- 
brate. 
HEART Circulatory system—It is of the 
open or lacunar type because 
blood vessels open into spaces 
and not into capillaries, so that 
blood comes directly in contact 
ALaRY muscueg With tissues; consequently, the rate 
of circulation is slow. The blood 
has colourless plasma or haemo- 
lymph, containing numerous white 
corpuscles, but has no respira-. 
tory pigment, hence colourless 
and does not take part in 
respiration. Blood of cockroach 
and other insects differs from the 
vertebrate blood in several other 
ways also. Vertebrates rely on 
inorganic ions, such as Nat and 
Cl-, as osmotic regulators of the 


Fig. 357 Periplansta heart body fluid. In insects, the inor- 
(dorsal view). ganic ions have been replaced by 
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organic molecules, especially free amino-acids. Haemolymph also 
contains high concentrations of dissolved uric acid, organic phos- 
phates and a non-reducing sugar, trehalose. The blood fills all 
spaces in and around the organs. To begin with, there was a peri- 
visceral coelom like that of an earthworm in the embryonic stage. 
Later on, the blood vessels enlarged, swelling to enormous sizes. 
These swelling blood vessels pushed the coelom and replaced it comp- 
letely. Thus, in an adult cockroach and in all insects, too, blood, 
and not the coelomic fluid, surrounds the viscera. Such a body 
cavity is, therefore, known as haemocoel, the organs lie freely in 
the blood or haemolymph.  Mid-dorsally is a tubular heart con- 
sisting of thirteen segmentally arranged funnel-shaped chambers. 
The chambers correspond to 3 thoracic and 10 abdominal segments. 
At the sides of each chamber is a pair of ostia, one on each side, 
the ostia are guarded by auricular valves which allow blood to enter 
the heart (Fig. 359). Ventricular valves are placed at the mouth of each 
chamber, allowing the blood in the heart to move forward only and 
closing for the backflow. The first chamber of the heart is continued 
anteriorly into an anterior aorta which opens into the haemocoel in 
the head. Below the heart is a horizontal dorsal diaphragm which is a 
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Fig. 359 Working of the valves in the heart of cockroach. 


muscular membrane, it divides the perivisceral cavity into two parts, 
a small dorsal pericardium or pericardial sinus containing the heart, and 
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a large haemocoel containing various organs. The dorsal diaphragm 
is perforated by many small holes by which the haemocoel communi- 
cates with the ‘pericardium. Attached to the dorsal diaphragm are a 
series of paired alary muscles; they are triangular in shape and their 
pointed outer ends are inserted into terga. By contractions of alary 
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Fig. 360 Diagram showing the body cavities 

and course of blood in cockroach. 
musclesthe blood passes from the haemocoel into the pericardium and 
then into the heart through the ostia. The muscular wall of the heart 
contracts in a wave which starts from behind and moves forward, as 
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Fig. 361 T.S. of abdomen showing sinuses and tracheac. 
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such the blood is forced into the anterior aorta from where it re-enters 
the haemocoel and goes slowly to the organs and appendages. In 
cockroach there is an accessory pulsatile vesicle at the base of each 
antenna which also pumps blood. The haemocoel has a ventral dia- 
phragm also which lies just above the nerve cord. The’ diaphragms 
are really the walls of the enlarged blood vessels which in the haemo- 
coel have taken the form of blood sinuses. 

Associated with the blood are some cellular tissues, such as ceno- 
cytes and corpora allata. The oenocytes are very large cells which 
occur in groups near the spiracles, they are ectodermal in origin and 
they discharge their secretion into the blood, they help in metabolism 
and produce parts of the epicuticle. 
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Fig. 362  Periplaneta tra 
Ventral trachea— black. 
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controls growth, metamorphosis and moulting in the young, and con- 
trols egg production in the adult. 

Respiratory system— There are ten pairs of spiracles arranged 
segmentally, two pairs are on the thorax and eight pairs in the first 
eight abdominal segments. The first pair lies on the pleuron between 
the prothorax and mesothorax, the second between the mesothorax 
and metathorax. The first abdominal spiracles lie dorsally on the ter- 
gum, but the remaining seven pairs lie on the pleura of segments two 
to eight. The spiracles are closed or opened by valves operated by 
special muscles. Each spiracle is a slit in an oval chitinized area, 
the slit leads into a cavity, the atrium, from which arises a tube or 
trachea. The tracheae are silvery, ectodermal tubes with a delicate 
single-layered epithelium, having a cuticular lining called intima, which 
forms spiral or ring-like thickenings and prevents the tracheae from 
collapsing. The thoracic spiracles lead into several trachea] trunks, 
but each abdominal spiracle leads into a single tracheal trunk. The 


gr 


Fig. 363 Tracheal respiration. 
A— Resting state. B—During activity. 
'l. Tracheal end cell. 4, Tracheole containing liquid. 
2. Trachea. 5. Muscle. 
3. Tracheole containing air. 
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main tracheal trunks join two longitudinal trunks, one on each side 
of the body, and then divide into dorsal and ventral trunks, which fur- 
ther divide and sub-divide, and then anastomose to form a network 
lying in every part of the body. The ultimate branches of tracheae 
end in tracheole cells or tracheoblasts from which arise very fine tubes 
called tracheoles. The tracheoles have thinned cuticular lining and 
they end blindly in the cells of tissues. In a resting insect when 
the respiratory activity is not high, the tracheoles are filled not with 
air, but with a fluid from the cells of tissues, in which the oxygen 
dissolves. By means of this system of tracheae the cells of the body 
and their fluids are in direct communication with the outside air. 

Inspiration and expiration take place through the spiracles; ex- 
piration is an active process, but inspiration is passive. Air enters the 
spiracles during inspiration and comes to the tracheae, then it comes 
to the tracheoles which contain tissue fluids, the O, dissolves in these 
fluids and reaches the cells of tissues. This supplies sufficient O, 
for normal respiratory needs of the cockroach. In expiration some 
CO, may pass out through the spiracles, but the major part of it dis- 
solves in the plasma and diffuses out through the cuticular covering 
of the body. 

When active movement takes place in the cockroach, as in running 
or flying, the metabolic rate is high, the osmotic pressure of the tissues 
increases, as a result of which the tissue fluid is withdrawn from the 
tracheoles into the cells; this withdrawal makes it possible for a column 
of air to extend deeper into the tracheoles and directly reach the cells, 
and O, is taken up from air by the fluids of the cells. In active move- 
ment the abdominal segments expand and relax, these movements 
are termed respiratory movements and they cause more air to be 
taken in through the spiracles. During moulting, the cuticle of trachea, 
but not of tracheoles, is shed. After moulting, new trachea are joined 
to old tracheoles by a ‘glue’ of unknown composition. 

Excretory organs—Attached to the hind gut at its junction with 
the mesenteron are many thin yellow-coloured ectodermal threads 
called Malpighian tubules, they arise in six groups of about a dozen 
tubules in each group and hang freely in the haemocoel. The number 
of tubules varies in different insects and in different sexes: in male 
Blatta orientalis it is 148 and 186 in female, arranged in six groups. 
Each Malpighian tubule is formed of a single layer of glandular epithe- 
lial cells having microvilli (not cilia). They are not the organs of excre- 
tion in cockroach but are osmoregulatory (Srivastava & Gupta, 1961). 
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A major part of excretion are the end-products of protein-metabolism, 
hence nitrogenous wastes are very important. The Malpighian nbu- 
les extract nitrogenous wastes and water from the haemolymph and 
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Fig. 364 Malpighian tubules—distal part above, and proximal part below. 


secrete them as urates of potassium that pass into the ileum. In 
most insects, the distal parts of the tubules allow the entry of subs- 
tances from the blood, while the proximal end selectively reabsorbs 
water and nutrients, cxcretory matter passes into the lumen of the 
tubule as excretory granules or excretory spheres. No uric acid has 
been found in the Malpighian tubules of cockroach. Some of the 
salts and water are reabsorbed in the ileum to maintain the osmotic 
balance of the body fluids. Uric acid is mainly put out by the rectum 
and is eliminated with the faeces. Hence, in cockroach the rectum 
is the excretory organ. The fact that the tubules empty their excre- 
tions into the hind gut is an adaptation for conserving water... 
[Many spiders excrete nitrogen mainly as guanine. The nitro- 
genous excretion is elaboreted to guanine crystals in the Malpighian 
tubules and cloacal sacs. In the laboratory spiders often deposit 
© nine in culture dishes ] | 
Ti ren nephrocytes are also believed to have excretory 
function. The fat body is large in quantity and consists of many 
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Fig. 365 Nervous system. 
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lobules filled with fats and glycogen, it stores uric acid as waste. The 
nephrocytes are chains of cells found along the heart or associated 
with the fat body, they also store nitrogenous excretions which may 
later be removed by the blood. 

Nervous system—In front of the oesophagus and above the ten- 
torium is a bilobed supra-oesophageal ganglion or brain formed 
by complete fusion of three pairs of ganglia. From the brain arise 
two circum-oesophageal connectives which pass around the oeso- 
phagus and below it they join a sub-oesophageal ganglion which 
is formed by the fusion of three pairs of ganglia. This much of the 
nervous system lies within the head capsule. ¥ From the sub-oeso- 
phageal ganglion arises a double ventral nerve cord, the two cords 
are not fused to each other./ The nerve cord has three large ganglia 
in the three thoracic segments, five small ganglia in the first five abdo-- 
minal segments, and a larger sixth ganglion lying some distance 
behind in the seventh segment. / Each ganglion of the nerve cord is 
formed by fusion of two ganglia, except the 6th abdominal ganglion 
which is formed by the fusion of several ganglia) (probably 3 pairs). 

From the central nervous system arise nerves which constitute 
the peripheral nervous system. Three pairs of nerves arise from 
the brain and go to the eyes, antennae, and labrum; from the sub- 
oesophageal ganglion also three pairs of nerves arise and go to the 
mandibles, maxillae and labium. Several pairs of nerves arise from 
each ganglion of the nerve cord; they innervate the various parts of 
their own segment; but from the last abdominal ganglion five pairs of 
nerves arise and go to the last five segments of the abdomen, one pair ` 
to each segment. 

There is a sympathetic nervous system consisting of a small 
frontal ganglion in front of the brain, a pair of small oesophageal 
ganglia just behind the brain, and a large visceral ganglion which 
lies on the dorsal side of the crop, it is the principal ganglion (Fig. 353). ` 
All the ganglia are joined by connéctives to the brain. From the 
sympathetic nervous system arise nerves which go to muscles, ali- 
mentary canal, and spiracles and control their activities. x 

Receptors—Insects perceive many stimuli and are sensitive to 
light, sound, changes of temperature and touch; they also possess sen- 
ses of taste and smell. The receptors are modified epidermal cells 
which form sensillae. А sensilla has a modified bristle and two 
modified cells of the hypodermis called trichogen cells, it is pro- 
vided with a nerve cell having a nerve fibre. The receptors of 
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touch, taste, and smell have;such isolated and simple sensillae, but 
those of hearing and sight have aggregations of sensillae which 
form elaborate organs. Tactile sensillae are found on antennae, 
palpi, legs, body and cerci. Olfactory sensillae are found chiefly 
on antennae, but the olfactory sense is also located in other parts, 
probably in the feet, because 
the insect still has an olfac- 
tory sense after removal of 
antennae. Gustatory sensillae 
are found on maxillae which 
are said to possess a sense 
oftaste. Auditory or chordo- 
tonal sensilla is more compli- 
cated and is covered by 
nerve CELL thinned cuticle. In cockroach 
the cerci possess auditory 
Fig. 366 Tactile sensilla. sensillae, they can detect 
even those sounds which the human ear cannot hear. 
Eyes—Two types of eyes are found in insects—simple eyes or ocelli 
and compound eyes; but the cockroach has only compound eyes. 
Ocelli—The ocellus is in the Shape of acup. The cuticle above 
the cup is transparent and thickened to form a lens. Below the 
lens are colourless transparent 
cells continuous with the CORNEAGEN CELL ap 
epidermis, they are the 
corneagen cells which also act 7 
asalens. There is a pigment SPER en 
rng around the cup. The PIGMENT 2) TR E 
lower part, inside the cup, is 5 || | | £5 
eu УГ АДУ 


the retina; it has several 


TRICHOGEN CELL 


a 


HAIR-MEMBRANE CELL Ñ 


rhabdoms, Rhabdom is secre- 
ted by sensory cells, the it 
retinulae, surrounding the Fi 
B ig. 967 V.S. of 
rhabdom. x retinulae receive nerve fibres and ay, iE 
pigment. e ocelli are sensitive to light a 
to onn Images ght but do not have the ability 
Compound eyes are lateral in position i 

А а ; In cockroach; th re 
kidney-shaped, their upper part is broader than the lower part "each 
compound eye is formed of bundles of rod-like ommatidia which 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


ARTHROPODA 479 


are arranged radially and covered by transparent cuticle which forms 
hexagonal facets. An ommatidium has a biconvex lens or cornea 
which is formed by the cuticle becoming thickened and transparent, 


these form the facets. Below the lens the epidermis forms two clear 
corneagen cells or lenticular cells which secrete the lens. Below the 


corneagen cells is a transparent crystalline cone surrounded by 
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Fig. 368 У. 5. of compound сус. 


four vitrellae ог сопе cells. The vitrellae secrete the crystalline 
Cone, they taper downwards. All this forms the focusing or dioptri- 
cal region. Below the cone, and in contact with it, is a spindle-shaped 
tefractive body, the rhabdom, surrounded by seven retinular cells or 
retinulae which are elongated cells. The retinular cells secrete the 
thabdom which is made up of seven parts, the rhabdomeres, опе for 
each retinular cell. The rhabdom and retinulae constitute the re- 
ceptor region, and below it is a basement membrane of the eye. Each 
retinular cell joins a nerve fibre at its base, and the fibres enter the 
optic nerve, Surrounding each ommatidium and separating it from its 
Neighbours, there are heavily pigmented cells arranged in two groups— 
an iris pigment sheath around the cone and cone cells, and a retinal 
pigment sheath around the rhabdom and retinular cells. However, 
the retinal pigment sheath is absent in some insects. 1 
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During bright light the pigment layers are extended, isolating the 
ommatidia, and only those rays of light will form an image on the 
rhabdom which pass directly through the centre of the lens, or the 
thin pencil of rays which are parallel to the longitudinal axians of 
ommatidium, the other rays of light are stopped and absorbed by the 
pigment sheaths and they cannot pass from one ommatidium to 
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CORNEAGEN CELL 


RETINAL PIGMENT 
SHEATH 


` 


T. S. through rhabdom at B-B 

Fig. 369 V. S. of an ommatidium. 

оны сты cach ommatidium forms a different but adjacent 

ae a E E combine to form a single composite picture. 

к mpounc eye produces apposition images or mosaic 
оп composed of as many separate but adjacent images as there are 

ommatidia. In mosaic vision images are sharp but separate, and the 
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eye can use only bright light. When the light is dim, the iris pigment 
sheath moves up and the retinal pigment sheath moves down, so that 
the ommatidia are not isolated, light can pass from one ommatidium 
to another, and cach ommatidium forms a complete image of the field 
of vision, and all the images together form a partly overlapping or 
superposition image. The superposition images are less sharp than 
the apposition images, but they are stronger in proportion to the 
amount of light present. But recent studies have shown that the 
pigment sheaths are not retractable in many insects including the 
cockroach, hence cockroach has appositional vision. Only among 
the crustaceans, however, has clear evidence been presented that 
hormones are involved in the control of movements of pigment 
sheaths. 

The compound eye of an insect is convex with a large number of 
ommatidia, hence it has a very wide range of vision, though it may 
not clearly see the form of objects, except those which are very close 
to the eye, but it can detect the movements of objects at once. The 
insect eye can also distinguish different colours, though it cannot see 
all the colours of a spectrum. It can also perceive ultraviolet rays. 

Reproductive system—In the male cockroach there is a pair of 
3-4-lobed testes. The testes lie dorso-laterally in the fourth and fifth 
abdominal segments in the fat body. The testes are full of sperms in 
а young cockroach, but some spermatozoa may still be found in the 
testes of an old adult. From each testis arises a thread-thin white 
vas deferens. The two vasa deferentia pass backwards and down- 
wards and meet in the middle to enter an ejaculatory duct which 
runs backwards. At the junction of the vasa deferentia with the ejacu- 
latory duct and attached to them is a large white-coloured utricular 
gland, Ithasa mass of glandular tubules of three kinds, the peripheral 
tubules are long, central tubules are short, and behind the short central 
tubules are some short but more bulbous and spotted white tubules 
Which are the seminal vesicles filled with sperms. ; 

There is a long, flat, white phallic gland, its broader anterior end 
lies in the sixth segment slightly to the right of the nerve cord, poste- 
tiorly the phallic gland tapers into a duct. Towards the end of the 
abdomen, the gonapophyses form the external genital organs of the 
male, they are three phallomeres. The right phallomere is mid- 
dorsal in position, it has two horizontal opposing plates and a broad 
Serrate lobe with a saw-toothed edge having two large teeth, at its 
Posterior side, it has а sickle-shaped hook. The 1 phallomere has 
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several structures arising from a common base, on the extreme left is 
a long slender arm with a curved hook, it is known as the titillator; 
next to the titillator is a shorter and broader arm ending in a black 
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Fig. 370 Reproductive organs of male Periplaneta. 
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hammer-like head, this is the pseudopenis. Close to the pseudo- 
penis are three small soft lobes one of which bears a hook and is called 
an asperate lobe. The duct of the phallic gland traverses the left 
phallomere and opens between the asperate lobe and pseudopenis. 
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Fig. 372 External genitalia of male. A—Ventral phallomere. 
B—Left phallomere. C—Right phallomere. 


The ventral phallomere lies partly below the right phallomere, it has 
a large brown plate. The ejaculatory duct opens to the outside by a 
gonopore close to the ventral phallomere. 

Before copulation, the sperms of each tube of the seminal vesicle 
are stuck together to form a single spermatophore. A spermatophore 
is a pear-shaped capsule, about 1:3 mm in diameter, and its wall is 
composed of three non-cellular layers; first the innermost layer is form- 
ed by the secretions of the long peripheral tubules of the utricular 


SPERMATOZOA 


Fig. 373 A—Spermatophore. B—T. S: of spermatophore. 
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gland, this layer then receives sperms from seminal vesicles and a liquid 
from the short central tubules of the utricular gland. As this bag of 
sperms passes down the ejaculatory duct, it receives the second layer 
from the cells of the ejaculatory duct. During mating the spermato- 
phore is attached to the spermathecal aperture of the female, after 
which a secretion of the phallic gland is poured over it which hardens 
to form the third and outermost layer of the spermatophore. 
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Fig. 374 Reproductive organs of female Periplaneta (dorsal view). 


Female reproductive organs— There 


; are two large ovaries lying 
laterally in segments 4, 5 and 6 embedded in fat. Each ovary is form- 


ed of eight ovarian tubules or ovarioles having developing eggs iD 
fom. Fam. ше чага "Р thin tube but broadens posteriorly 

ned eggs become larger, the last i iole is 
mature. All eight ovarioles of one sid beu ders 


: ; e join to form an oviduct, ай! 
the two oviducts unite to form a broad median common oviduct of 
vagina which opens by a gonopore into a genital chamber or gyn8- 
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trium. The gonopore is an aperture in the eighth sternum which 
lies inside the genital chamber inflected above the 7th sternum. There 
is a pair of much-branched colleterial glands; the left colleterial 
gland is large and well developed, the right colleterial gland is small. 
The ducts of the two colleterial glands unite to form a common duct 
which opens into the dorsal side of the genital chamber. There is a 
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Fig. 375 Reproductive organs of female Periplansta (lateral vicw). 
pair of club-shaped spermathecae of unequal size, one spermatheca 
being larger than the other, the two spermathecac unite to form a short 
common duct which opens into the genital chamber on a small 
Spermathecal papilla. 

In the female, the seventh sternum is produced backwards into two 2 
large oval gynovalvular plates or apical lobes, they enclose a large 
cavity having an inner gynatrium or genital chamber and a post- 
erior oothecal chamber. The dorsal and posterior walls of gynatrium 
and oothecal chamber are formed by the invagination of 8th and 9th 
abdominal sterna. The external genital organs lie concealed inside 
the gynatrium, they consist of an ovipositor formed by the gonapo- 
physes. The ovipositor lies above and behind the gonopore. It has 
three pairs of elongate processes, a pair of long thick arms lying dor- 
sally and enclosing two slender tapering arms, these two pairs of arms 
arise from a common base and they constitute the posterior gonapo- 
Рћувеѕ; they belong to the 9th abdominal segment and are joined to 
the 9th tergum. The third pair of arms of the ovipositor are large, 
teriorly lying below the posterior gonapo- 


converge and meet pos' Jt 
Physes, ue constitute the anterior gonapophyses. The anterior 
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gonapophyses belong to the 8th abdominal segment and are attached 
to the outer margins of the 8th tergum. The ovipositor is used only 
to conduct fertilized eggs to the oothecal chamber. 

Copulation—The male and female cockroaches come opposite 
together by their posterior ends. The male opens the gynovalvular 
plates of the female by its titillator and inserts its phallomeres into the 
genital chamber of the female. The pseudopenis is inserted into the 
gonopore of the female and rotated transversely to hold it in position. 
The anterior gonapophyses of the ovipositor are held by the right 
phallomere. The ventral phallomere moves to the right, thus opening 
the gonopore of the ejaculatory duct, then the spermatophore is ex- 
pelled and deposited directly on the spermathecal papilla to which it 
adheres in about an hour. The phallic gland now pours its secretion 
on the spermatophore to form its outermost covering which hardens in 
about two hours. Copulation lasts for about an hour and a quarter 
after which the two cockroaches separate. The sperms pass from 
the spermatophore into the spermathecae slowly in the course of the 
nest 20 hours, after which the empty spermatophore is discarded. 

Ootheca formation—The eggs come alternately from the two 
ovaries into the common oviduct and pass through the female gono- 


APICAL LOBE 


Fig. 376 Posterior end of abdomen of female with ootheca. 


pore into the genital chamber where they are fertilized. The colleter- 
ial glands pour their secretions on the fertilized eggs, these secretions 
combine to form a dark brown ootheca around the eggs. -The ootheca 
is shaped and moulded by the ovipositor and the walls of the oothecal 
chamber. The ootheca is a brown-coloured, non-chitinous purse- 
shaped capsule of about 9 to 12 mm in length. On one side it has 
a straight crest with a serrated margin, it contains 16 fertilized eggs 
standing vertically in two rows, the Position of eggs can be seen on 
the outer surface of the ootheca. The ootheca is completed in about 
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a day and it protrudes from the oothecal chamber, being held in place 
by the 10th tergum and gynovalvular plates. The female carries the 
ootheca for several days and finally drops it in some dark, dry place. 

Metamorphosis—The young ones of a cockroach hatch from the 
ootheca by the splitting of the serrated crest; they are known as nymphs. 
The nymph resembles the adult in structure and eats the same food, 
but it is white or pale in colour, smaller in size, it is devoid of wings, 
and the gonads are immature. As it feeds and grows, its outer exo- 
skeleton is cast off; this process of shedding the exoskeleton is known 
as moulting or ecdysis; it is due to a hormone of corpora allata, the 
hormone called neotenin, causes the old cuticle to separate from the 
hypodermis, then the hypodermis secretes both layers of the new 
cuticle. The nymph forms a new exoskeleton by its hypodermis be- 
fore the old one is cast off, and growth can take place only before 
the new covering has hardened, because the tough exoskeleton does 
not permit increase in size. The cockroach nymph undergoes 11 to 
12 ecdyses to become an adult in about a year. During this period 
the nymph grows, wings are formed from the integument, and gonads 
become mature. After the last ecdysis, no further increase in size 
occurs. The final moulting to form an adult is due to a moulting 
hormone ecdysone of a pair of prothoracic glands found in the first 
segment of the thorax; this hormone has been kept in suppression in 
earlier stages by the hormone of corpora allata called the juvenile 
hormone. This gradual assumption of adult characters with hardly 
any change is called incomplete metamorphosis or heterometabolic 
metamorphosis. In all insects the interval between two ecdysis is 
known as a stadium, and the form assumed by the young insect during 
a stadium is called an instar. When the young hatches from the egg, 
itis said to be in its first instar; at the end of the stadium the first 
ecdysis occurs and the young insect assumes its second instar, and 
so on. The final instar is the adult which is called an imago. 

Control of Cockroaches—Cockroaches cause serious and large- 
scale damage to food, clothing and even to T. V. and computer 
Circuits. They can be controlled by common insecticides like Baygon 
and Finit. Use of such strongly poisonous insecticides pollutes the 
environment and sometimes makes edibles toxic. Safer control 
methods are being devised. One such method is to administer 
artificially made hormones which upset their life-cycle and in due 
Course make them sterile. Another is by feeding them with drugs 
that lower their heart-beat rate and make them die of heart-attacks. 
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A new control method is being tried : edible biscuits, contaminated 
with bacteria pathogenic for cockroaches only, are left in the kitchen 
and other hide-outs of cockroaches. In two days the cockroaches 
get diseased and die. 


22. 


23. 


Questions 
What is ‘cephalothorax’ ? What is the number of segments in 
the cephalothorax of prawn ? 


How would you identify the maxillipedes of prawn from other 
thoracic appendages? 


Is there any sexual dimorphism in the prawn ? How will you 
identify the sexes in the prawn ? 


Which appendage of prawn bears the statocyst ? 
Differentiate between Periplaneta and Blatta ? 
Where does the salivary duct open in a cockroach ? 


Present the order of appendages working to transfer the food 
into the mouth. 


Which of these are present only in the male cockroach ? 
anal cerci, anal styles, anal plates. 
How is food prevented from passing back into the gizzard ? 


What role do the rectal folds and peritrophic membrane play in 
cockroach ? 


What is a haemocoel ? 
How many chambers are there in the heart of cockroach ? 


- What endocrine structures you know in the cockroach ? 


What is the receptive part of the ommatidium 2 Draw 2 
diagram of an ommatidium. 


Differentiate between apposition and superposition image. 

How many ovarioles make an ovary of cockroach ? 

What part of spermatophore is secreted by the phallic gland ? 
How many young cockroaches are born out of one ootheca ? 
Describe the reproductive organs of a male cockroach. 

How is a male cockroach distinguished from a female cockroach ? 
Moulting in an insect is associated with the— 


corpora allata*/ supra-oesophageal sancli 
trophic membrane. phageal ganglia / oenocytes / peri 


The part of alimentary canal of cockroach without a cuticle- 
lining is the— 


crop / gizzard / mesenteron*/colon. 
Stomodaeual valve is a device to— 
(a) separate big pieces of food from finely divided food, 
(b) prevent the food from passing back into the gizzard", 
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(c) to churn the food, 
(d) to absorb digested food. 
Villi are not found in the intestine of— 

earthworm / cockroach* / liver fluke / rabbit. 
Digested food in the cockroach diffuses through a special 
membrane known as........ . Itis made up of ........ 
Ventricular valves allow the blood of cockroach to move 
forward from one chamber to the other, but auricular valves 
allow the blood to flow from........ {ота 
Which of these are sexually dimorphic ? 

cockroach* / honey-bee* | bed-bug/ butterfly/ prawn*/ 
mosquito". 
Male cockroach is distinguished from a female by the anal styles, 


but male prawn is distinguished by the ........ on ће ........ 
appendages. f 
Cockroach-odour comes Їтот...........-..+-.... present in 
the thorax/ head/ abdomen" of the female/ male*. 

[ stink glands ] cites 4 
End-product of nitrogenous excretion in Pheretima is mainly 
aee Ernan, while in the spiders it is mainly ............ 
[G) шеа, (ii) guanine] 


Number of ovarioles in each ovary of cockroach is : 
4 [8% | 16/32. (CPMT-1985) 
Phallic glaad helps in : 
transfer of spermatophores*/ reproduction/ growth/ excretion. 
(CPMT-1986) 
The most swollen segment in the leg of cockroach is : 
coxa*/ femur/ trochanter/ tarsus. (CPMT-1986) 


'Colletetrial glands help in: 


formation of oothecal chamber / copulation / formation of 
ootheca* / fertilization. (CPMT-1986) 2 
Oxygen-carrying pigment in the blood of от is: 
'anin*/ haemoglobin/ xanthophyll/ erythrocyanin. 
haemocyanin*/ g ARMED 
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MOSQUITO AND HOUSE-FLY 


and most common insects. Both have two pairs of wings but only 
the first pair of wings is fully developed and used in flight. 
Ў Culex—the gnat (А Mosquito) : 
Genus Culex includes many common species of mosquitoes 


PALP 


.PROBOSCIS ANTENNA 


Mosquito and house-fly are dipterous (di=two, pteron=wings) 
| 


DR 


Fig. 377 Culex female (dorsal), 
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which have a world-wide distribution, they are medium-sized and of a 
grey colour. Culex pipiens is found in temperate regions all over the 
world, and Culex fatigans throughout the tropics and sub-tropics. They 
live in houses, in cities and farms, and are abundant also in rural areas. 
They are most abundant from March to May and again from July to 
October; at other times they hibernate. The adults hide in hollows of 
trees, caves, crevices, barns, etc. The life span of male mosquitoes is 
seldom more than three weeks, they die after impregnating the females. 
The females live from four weeks to several months, but they die after 
laying their full quota of eggs. Culex has several generations in a year. 
Externals—The body of a mosquito is divided into head, thorax 
and abdomen, it is covered with small scales. Head is globular and 
highly mobile on a slender neck. There are two very large black 
compound eyes, there are no ocelli, the top of the head has an epicra- 
nium below which is a clypeus, the clypeus is thick and projects in 
front. There are two filiform antennae, each with 15 joints bearing 
bristles. The bristles are longer and much more numerous on the 
antennae of males giving them a bushy appearance. In the female 
the antennae have whorls of a few short bristles; thus the sexes can 
be distinguished readily by the antennae and even with unaided eyes. 
Adult mosquito has a good vision and will quickly track a moving 
human hand. A female mosquito is attracted to a warm and moist 
surface of a warm-blooded animal such as man, pig and cattle. The 
mosquito is guided by smell. There are receptors on the antennae 
of the mosquito that have the power to identify the human smell 
(probably coming from the perspiration) and also to feel the nature 
of the surface on which the mosquito alights. These special recep- 
tors are called Johnston’s organs. They were first observed by 
Christopher Johnston in 1855. The organ is a specialized cub-like 


Organ occupying much of the second antennal segment in Diptera, 


being specially well-developed in the hairy antennae of mosquitoes. 
lize the antennae by desensitizing 


Most of the insectitcides first immobi nnae | 
the receptors on them. Molecules of the insecticide inhaled through 


the spiracles into the breathing system desensitize the nervous system, 
Sending the mosquitoes whizzing and spinning till death. 

Besides the antennae, the head bears two maxillary palps and a 
Proboscis. The maxillary palps in the female are short and three- 
jointed, but in the male they are as long or even longer than the pro- 
boscis, e-jointed (Fig. 386). | E 

Mont pare ris ша a straight long tube formed by a 
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Fig. 378 Culex—Head and mouth parts of female. 
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MANDIBLE 


MAAILLA 
Fig. 379 Culex--T.S. of proboscis of fernale. 
fleshy ventral labium which has a deep groove on its upper side, in 


this groove is a long, pointed and ventrally grooved labrum-epipha- 
ryox. At the distal end of the labium is a pair of small tactile Tabella 
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which are reduced labial palps. The groove of the labium contains 
five needle-like stylets in the female Culex, they are two mandibles, two 
maxillae, and a hypopharynx. The mandibles are finer than the maxil- 
lae, but both have saw-like edges on their tips. The hypopharynx 
is also needle-like and has a fine salivary duct running through it and 
opening at the tip; through this duct saliva is poured to prevent 
coagulation of the blood of the victim. In the male, the labrum- 
epipharynx and the labium are similar to those of the female, but the 
mandibles and maxillae are very short and functionless, and the hypo- 
pharynx is fused to the labium. 

Feeding—The natural food of both sexes is nectar of flowers and 
juices of plants, but the female has its mouth parts modified for ob- 
taining additional meals of blood of warm-blooded vertebrates. The 
female mosquito sits on a vertebrate and presses its labella against the 
skin, they act as a guide for the mandibles and maxillae which are 
pushed into the flesh; the ensheathing labium bends back to allow the 
needles to goin. The labrum-epipharynx and hypopharynx together 
act as a hypodermic syringe and forming a food channel through which 
blood is sucked up from the wound; the suction is caused by the 
pumping action of the pharynx by which blood comes into the mouth. 
Mosquitoes have three food reservoirs connected to oesophagus in 
addition to the stomach. The reservoirs are used for storage of food, 
such as plant juices, but not for blood which passes directly to the 
Stomach. 

Thorax—The thorax is arched and the prothorax and metathorax 
are very small. The mesothorax is very large and its tergum called 
mesonotum is divided into three sclerites, а prescutum, a scutum, and 
a trilobed scutellum. On the thorax there are two pairs of spiracles. 
From the mesothorax arises the first pair of patagia or wings, which 
are long and narrow. The wings are covered with scales and the 
Posterior margin of the wings is fringed with bristles and scales. 

The second pair of wings comes off from the metathorax but are 
reduced to form a pair of small halteres, each of which is like a 
hollow cone, having a swollen base or scabellum, a narrow stem or 


pedic i itellun. Halteres vibrate 

edi el, and a distal swollen knob or capi е 

300 ti i flight, they probably act as balancers 
times per second during gh : Е І 


but their function is doubtful; however, e 
flight becomes difficult or even impossible. From the thorax arise 
three pairs of legs which are very long and slender, they are fragile 
and have the usual parts of an insect leg, but the coxae are short and 
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clawis a pad-like pulvillus. The legs also have many scales and bristles. 

Abdomen—The abdomen consists of 10 segments of which the 
first is vestigial and fused to the metathorax; the second to the eighth 
are clearly seen, each has a pair of spiracles; the ninth and tenth seg- 


TERGUM 9 


PROCESS OF 
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STYLE CLASPER 


Fig. 381 Culex—end of abdomen (ventral); A—Female, B—Malc. 
ments are partly telescoped into the eighth. In the female the 10th 
segment is blunt and bears a pair of cerci, between them is a small 
post-genital plate which is part of the tenth sternum. In the male 
the 9th and 10th segments are complex, they undergo a torsion of 
180° as soon as the mosquitoes are born, so that the terga and anus 
become ventral and the sterna dorsal, The ninth segment is ring-like 
with a bilobed ventral tergum, it bears a pair of large claspers, each 
with a broad basal coxite followed by a narrow style which ends in 


Fig. 380 {Thorax of Culex (lateral view). 
tarsi long with five joints ending in a pair of simple claws, below each 
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a claw. The 10th segment has a bilobed dorsal sternum from which 
project two processes with curved and toothed tips. The male intro- 
mittent organ or aedeagus projects posteriorly; it is formed by fusion 
of gonapophyses of ninth 
segment. During copulation 
the male holds the female by 
its claspers and the aedeagus is 
inserted into the vagina of the 
female. 

Life-history—A fter mating, 
the female lays eggs on still 
water; the eggs may belaid on Fig., 382 Egg raft of Culex; A—Egg. 
ponds, pools, or rain-filled containers. The eggs are laid at night and 
one female may lay up to 300 eggs. The eggs are cigar-shaped and 
tapering at one end. The eggs are laid side by side standing erect, they 
are glued together by the legs to form boat-shaped rafts which float 
on water. The eggs hatch in 1 to 3 days, and the larva emerges from 
the lower end of the egg. 

Larva—The larvae are called *wrigglers! because of their 
wriggling movements, they are microscopic on hatching. The larva 
leads an active life, it swims about, feeds and grows, and the larval 
life lasts from 3 to 14 days according to temperature. During this 
period it moults four times and grows larger after each moulting. The 
larva has a large chitinous head which is flattened dorso-ventrally, it 
has developing compound eyes and closely behind each is a larval 
Ocellus. It has a labrum, small-toothed mandibles, a pair of maxillae 
with feeding bristles lying internally, labial plates and one pair of 
jointed antennae. It has a mouth over which is a pair of rotary 
feeding brushes formed of stiff bristles; the brushes cause a whirling 
Current of water by which small particles of food are strained into 
the mouth. The food consists of algae and small organic particles, 
the larva feeds below the surface of water. The thorax is globular, 
its segments are fused together. On the head, thorax and abdomen 
аге paired bristles, some of them forming bushy tufts especially on 
the thorax, The abdomen is slender and has nine segments, on the 

t seven abdominal segments are tufts of bristles. The cighth seg- 
"ent has a chitinous and tubular respiratory siphon, at the tip of the 
siphon are two spiracles leading into tracheal trunks. Around the spira- 
cles are five leaf-like hydrofuge flaps. Thus the respiratory system is 
"'efapneustic in which only the last pair of abdominal spiracles are open. 
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The larva, though aquatic, breathes air through the siphon and comes to 
the surface to take in air. When resting, the larva pierces the surface 
film of water by its siphon which projects just above the surface. The 
movement of flaps around the spiracle is passive. They are separated 
automatically, when above the water surface, by surface tension forces, 
thereby exposing the spiracle. Air is then exchanged through 
the spiracle. The flaps close over the spiracle when under water. 
Larva hangs by the siphon with its head downwards but it is inclined 
at an angle. The siphon on its ventral side has two tufts of bristles, 
and two rows of flat spines each called a pecten. On the eighth 
segment is a patch of small scales in one or two rows forming a comb. 
In some species of Culex, the comb has scales in several rows. The 
ninth segment of the abdomen is slender and covered by a chitinous 
dorsal plate. At the end of the ninth segment is an anus surrounded 
by four leaf-like tracheal gills which differ from true gills in having 
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Fig. 383 Larva of Culex. 
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tracheae instead of blood vessels. The ninth segment has a tuft of 
dorsal bristles at its tip and ventrally a bushy tuft of bristles called 
ventral brush. Тһе larva sinks in water being heavier, and it rises by 
wriggling movements of the abdomen. After the fourth moult, the 
larva changes into a pupa. $ 
Pupa—The pupa is comma-shaped and is often called a ‘tumbler’. 
It has a large cephalothorax formed by the head and thorax. On the 
mid-dorsal side of the cephalothorax is a pair of prothoracic tubular 
respiratory trumpets which are broader at the distal end, they communi- 
cate with the anterior pair of thoracic spiracles. By means of the 
trumpets, the pupa hangs from the surface film of water and takes in 
-air through their distal ends which project slightly above water. Inside 
the cephalothorax may be seen compound eyes, one pair of ocelli, 
antennae, wings and legs of the adult. Behind the cephalothorax 
is a ventrally-flexed abdomen, formed of nine segments of which the 


BREATHING TRUMPETS 


Fig. 384 Pupa of Gulex. 
first is very small, but segments 2 to 9 are distinct and movable. On 
the abdomen are tufts of bristles, the hydrofuge hairs, which are 
Separated at the water surface and fall flat when under water. The 
last segment bears a pair of chitinous leaf-like paddles by which the 
Pupa swims. The pupa is a resting stage; during this period it does not 
feed, but the pupae of mosquitoes are peculiar in not being quiescent, 
they are active and can swim about. Unlike the larva, the pupa is . 
lighter than water and requires a muscular effort to sink down. The 
Pupal period lasts from two to seven days depending upon the tempan 
ature. During this time remarkable changes occur inside e pupa 
leading to the formation of an adult or imago mosquito. When the 


A. B.—33 
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imago is completed, the skin of the pupa cracks mid-dorsally along 
the back between the trumpets, and the imago emerges, first the 
head, then body and appendages are pushed out. The imago rests 
for some time on the pupal skin, it stretches and dries its wings, then 
flies off. It can start laying eggs in a week’s time and thus repeat the 
life-history. 
Metamorphosis—The young one that hatches from an egg is 
quite different from the adult insect in structure and mode of life; it 
is known as a larva. The larva feeds, moves, moults and grows, then 
it passes into a quiescent stage, the pupa, which is different both from 
the larva and the imago. Finally, the adult is formed in the pupa. 
This form of development is termed complete or holometabolous meta- 
morphosis; it occurs in higher insects as in the mosquitoes, house-flies, 
butterflies, bees and beetles. The pupa undergoes very great internal 
changes in order to form the imago. Most of the larval organs in 
the pupa, except the central nervous system and developing genital 
organs, are broken down; this process of breaking down and disinte- 
gration of larval organs is called histolysis. The process of histolysis 
is brought about largely by blood corpuscles called phagocytes which 
feed upon the tissues of disintegrating organs, and their products of 
digestion pass into the blood to form new tissues. For the formation 
of organs of the imago, groups of formative cells are set aside in the 
larva, they are called imaginal buds or histoblasts. The imaginal buds 
are found all over the body of the larva, they are the rudiments of 
future organs. The process of formation of organs of the adult 
inside a pupa is known as histogenesis. The entire process is like 
“ demolishing an old building and then constructing a new one from the 
same materials. The imaginal buds are present in the larva but they 
‘remain dormant due to the hormone of corpora allata, they become 
active when stimulated by the hormone secreted by prothoracic glands. 
By this process the imago develops inside the pupa, and when deve- 
lopment is completed the pupal covering splits, and a perfectly formed 
imago emerges. Thus, in holometabolous metamorphosis, the stages 
in the life-cycle are, egg—>larva— pupa—imago, and the adult 
wings develop from inside from imaginal buds. In heterometabolous 
metamorphosis, as seen in a cockroach, the stages are : egg — nymph 
— imago, and the adult wings develop externally from the integument. 
Anopheles ( Malaria Mosquito ) 
Several species of Anopheles ate the carriers or vectors of a 
protozoan Plasmodium which causes malaria fever. Anopheles 
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Fig. 385 Comparison of stages of life-cycle of Culex and Anopheles. 
transmits the parasite from one human being to another, and from the 
Teservoir hosts, such as monkeys, to man. The female Anopheles, 
While feeding on the blood of a malarial patient, takes in gametocyte 
stages of Plasmodium which develop and undergo sexual reproduction 
in the mosquito to form thousands of sporozoites. When this mos- 
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quito bites a person, it transfers the infective sporozoites into his blood 
along with its saliva. Anopheles mosquitoes live in marshy places 
but some species like A. stephensi and A. quadrimaculatus live with 
man in suburban and rural areas. In India there are many species 
of malarial mosquitoes, the common ones are Anopheles maculatus, 
A. culicifacies, A. fluviatilis and A. stephensi. 


Anopheles-FEMALF 


Fig. 386 Culex and Anopheles—Head and mouth parts. ` 
1. Proboscis, 2. Maxillary palp, 9. Antenna, 


4. Mandible, 5. Maxilla, 6. Hypopharynx 
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early morning, but some species feed in the dark. Both sexes feed on 
honey and plant juices, but the females also suck the blood of verte- 
brates. The females do not feed on blood daily but usually at intervals 
of several days. Anopheline mosquitoes generally hibernate as adult, 


hiding in trees, rocks and caves, but some species hibernate as larvae. 


which bury themselves under damp mud. Most species of Anopheles 
are of a sedentary habit and seldom fly more than a few hundred 
metres. They breed mostly in natural waters, such as ponds, swamps, 
rice-fields, and grassy ditches, but some species breed in flowing 
streams, like A. listoni in the sub-Himalayan streams and А. rossi in. 
temporary rain-filled pools in India. A. stephensi breeds in wells in 
India. 

Identification—Anopheles resembles Culex in many details of struc- 
ture and life-history, but it has certain characters by which it can be 
identified in all the stages of development. 

Anopheles imago has a slender body except when the abdomen is 
filled with blood. In male the maxillary palps are longer than the 
proboscis, and are five-jointed, the last two joints are flat and broad 
so that the palps appear club-shaped. In the female the maxillary 
palps are usually as long as the proboscis, but sometimes shorter than 
the proboscis. In Culex the maxillary palps of the male are usually 
as long as the proboscis but are not club-shaped; in the female they 
are always short and three-jointed. In the thorax the scutellum of 
Anopheles is crescentic with bristles on its posterior margin; in other 
mosquitoes, the scutellum is trilobed with a tuft of bristles on each 
lobe. The wings of Anopheles are marked with dark spots, while in 
others they are unspotted. Anopheles rests with its body at an angle 
to the surface, its proboscis being in line with the body; Culex rests 
With its body parallel to the surface and its proboscis is not in a straight 
line with its body. But some Anopheles have a resting position as in 
Culex, e.g., Anopheles culicifacies. In the abdomen of Anopheles, the 
Sterna have no scales, while in others, both terga and sterna of abdo- 
men are covered with scales. 1 

Eggs—Female Anopheles lays 40 to 100 eggs at one time, the eggs 
are pointed at both ends and have a pair of lateral air floats; eggs 
are laid singly and lie horizontally on water and owing to surface 
lension they form geometrical patterns on the surface of water and 

ie in loose clusters. In Culex the eggs are cigar-shaped, with no air- 
floats and they form floating rafts standing vertically. 

The larva of Anopheles hatches in 24 to 48 hours from the egg. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


HyS 


502 ANIMAL BIOLOGY 


Larva—There is no respiratory siphon in the larva of Anopheles, 
but on the eighth segment it has a raised chitinous quadrilateral 
plate with two spiracles. The spiracles are surrounded by five small 
leaf-like flaps. There are small bristles near the spiracles which form 
a pair of pecten. The comb formed by rows of bristles on the eighth 
segment in the larva of Culex is absent, except in the newly-hatched 
Anopheles larva. The larva has hydrofuge palmate bristles or hairs 
forming a pair of tufts on each thoracic and most of the abdominal 
segments. A palmate bristle consists of a short stalk from which a num- 
ber of slender and flat leaflets radiate. The larva hangs horizontally by 
means of the palmate bristles and the quadrilateral plate of the eighth 
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Fig. 387 Larva of Anopheles. 


segment from the surface of water; this is a characteristic resting posi- 
tion. In this position it touches the water surface at several places, 
and the spiracles project above the surface of water. The head of the 
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larva is longer than broad and it feeds on the surface of water. The 
development is slow and the larval life lasts from two to four weeks. 

In Culex, the larva has a tubular respiratory siphon, and on the 
siphon are two pectines. On the 8th segment there is a comb formed 
by rows of small bristles. It has tufts of bristles on the thorax and 
abdomen, but the bristles are not palmate. The larva hangs by its 
respiratory tube with the head downwards, it touches the water sur- 
face only at one place by its siphon. The head is round and the 
larvae feed below the surface of water. 

Pupa—In Anopheles the pupal period lasts from two to seven days. 
The respiratory trumpets are short and broad and with a large 
terminal opening. From this opening a split or cleft runs down on 
one side; while, in other mosquitoes, the respiratory trumpets are long 
and narrow, with a small terminal opening but with no split. The 
abdomen of the pupa of Anopheles is more strongly curved than in 
Culex. In Anopheles the abdominal paddles at their tips have one large 
and one small bristle, while in Culex there is a single large bristle. 
Anopheles has a pair of peg-like spines at the posterior ends of all but 
the last abdominal segment; while Culex pupa has a pair of tufts of 
fine, branched bristles on all but last abdominal segment. ` 


Comparison of Anopheles and Culex 


Stage | Anopheles Culex 


Rint Wo jin note oa he Oe a ae UA 
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i ale the maxillary | 2. In male the maxillary 
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Anopheles 


Pointed at both ends | 
having  air-foats, Ше 
horizontally on water. | 


8th abdominal segmen 
has a quadrilateral plate 
with 2 spiracles and 2 
pectines near spiracles. 


Comb of bristles on 8th 
segment absent. 


A pair of palmate bristles 
on thoracic and most 


abdominal segments. 
Hangs horizontally at 
rest by quadrilateral plate 


and palmate bristles, 
touching water surface 
at several places. 

Head is longer than broad. 
Feeds on water surface. 
Respiratory trumpets are 
short,; broad, with large 
terminal opening and 
with a lateral cleft. 
Abdominal paddles have 
one large and one small 
bristle on tip. 

Posterior ^ parts of 
abdominal segments 
(except last) have a pair 
of peg-like spines. 


l. Eggs cigar-shaped with- 


1. 


x f eA 


Culex 


out air-floats, they stand 
erect forming boat- 
shaped rafts. 

8th abdominal segment 
has tubular respiratory 
siphop with 2 spiracles 
at tip and 2 pectines on 
siphon. 

Comb of bristles on 
Sth segment is present. 


Tufts of bristles are on 
thorax and abdomen 
which are not palmate. 
Hangs with head down- 
wards by respiratory 
siphon, it touches water 
surface at one place only. 


Head is rounded. 


Feeds below water surface. 


Respiratory trumpets are 
long, narrow, with small 
terminal opening and not 
cleft. 

Paddles have a single large 
bristle at tip. 


Posterior parts of abdo- 
minal segments (except 
last) have a pair of fine 
branching bristles. 


expelled from its oesophageal diverticula into the wound, the fungus 
causes a local swelling and irritation; apart from this annoyance the 
mosquitoes are responsible for several diseases in humans, some of: 
which are deadly. They cause diseases in humans and animals in two 
ways; first by their attacks directly they transmit a disease, but there 
is no multiplication of the disease-organism in the mosquito. Second- 
ly, they transmit disease-producing organisms; while acting as a host 
for that organism, there is a multiplication of the organism in their 


todies. 
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The diseases caused by mosquitoes in humans are malaria, yellow 
fever, dengue, filariasis, encephalitis and dermatobia. 

i. Malaria was once a deadly human disease, but now it has been 
controlled. It is transmitted by female Anopheles which inoculates 
sporozoites of Plasmodium in man. A part of life-cycle passes in the 
body of this mosquito. The mosquito, thus, acts as an intermediate 
host and a vector. About two dozen species of Anopheles are natural 
vectors of malaria in different regions of the world. In malaria, there is 
a high recurring fever, accompanied by chill and shivering, sometimes 
with convulsions till the teeth chatter. The patient gets violent headache 
and nausea, followed by sweating so profuse that clothes are wet; then 
the temperature drops till the next attack. Often relapses occur which 
prove fatal. 

2. Yellow fever is confined to South America and Africa. It is 
due to a virus which causes sudden fever in man with severe headache 
and paiu in the bones, the face is flushed and swollen and the skin 
becomes dry. After some days severe jaundice, haemorrhage and 
vomiting of blood and bile occurs. The mortality in yellow fever is 
very high. Forest animals serve as hosts for yellow fever virus and it 
is transmitted by Haemogogus and several species of Aedes, such as 
4. aegypti, A. simpsoni, A. fluviatilis and A. albopictus; of these mos- 
quitoes Aedes aegypti has a world-wide distribution and with modern 
air-plane traffic the introduction of yellow fever is an ever-present 
menace. : 

3. Dengue or ‘break-bone fever’ is caused in man by a virus. 
The disease is widely distributed in warm countries. There 1s a sudden 
high fever with rash on the face and intense pain in the head, eyes, 
muscles and joints. Dengue is not fatal; it is transmitted by Aedes 
aegypti, Aedes albopictus and Culex fatigans. Dengue often breaks out 
abruptly in an epidemic form which spreads rapidly. 

4. Filariasis is caused in man by Nematode worms Wucheria 
bancrofti and W. malayi. The intermediate hosts are several types of 
mosquitoes like Aedes, Culex and Anopheles. The larvae of Wucheria 
called microfilariae are sucked up with the blood of infected persons by 
Mosquitoes which serve as vectors. The microfilariae grow іш the 
Mosquito and become infective. When a mosquito bites a man, the 
larvae creep out from the proboscis on to the skin and penetrate ini 
from where they go in deeper and cause inflammation T ymph 
Blands, scrotum, arms and legs. Filariasis may eventually caus 


elephantiasis but not always. 
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5. Encephalitis is caused by a virus in man resulting in high 
fever, headache, drowsiness and inflammation of the brain. It chiefly 
affects horses and domestic animals, but human infections also occur, 
particularly in children below 16. Encephalitis is transmitted by 
some species of Aedes and Culex. 

6. Dermatobia is a disease of the skin of man and cattle. A 
botfly Dermatobia lays her eggs on the body of a mosquito Psorophora. 
When this mosquito bites, the eggs of the botfly hatch quickly on the 
skin of the victim and the larvae penetrate the skin causing swellings 
and cutaneous myiasis. Psorophora is confined to Central and South 
America. 

Control of mosquitoes—Steps should be taken for the destruction 
of mosquitoes but general measures will not be effective against all 
types; therefore, habits and breeding places of mosquitoes must be 
studied before effective measures are taken for their eradication. The 
following general methods may be used for the control of mosquitoes:— 

1. Personal protection—(a) In mosquito-infected areas, protec- 
tive clothing may be used, such as will cover the exposed parts of the 
body, especially after sunset. (b) Mosquito repellents are also useful, 
like mosquito creams Odomos and Repelex brands which keep mosqui- 
toesaway. Repellent no. 448 of the American navy is very effective 
forlong periods. Quite a faw well-known brands of mosquits-repe- 
llent electronic devices are available. The device consists of an electric 
circuit which produces just enough heat to convert а mosquito-repe- 
llent chemical / chemicals into gas. The gas is unpleasant to the 
mosquitoes, so they move out of the bed room. ‘Good night’, 
‘Rooster’, ‘Casper’, Jet, are some common brand names. Mosquito- 
repellent coils (such as *Tortoise") are also in use. (c) While sleeping 
fine-mesh mosquito-nets prevent them from biting, т 
houses could be screened to prevent ent 
walls with creosote repels mosquitoes. 

2. Destruction of adults—(a) Killing of Mosquitoes can be done 
by spraying liquid insecticides like flit or D.D.T., the latter not only 
kills mosquitoes but also makes them leave a house. (b) Fumigation 
of dwellings with sulphur dioxide is also useful. (c) A mixture of water 
and 10% D.D.T. in oil sprayed from the air is very effective in killing 
large number of mosquitoes in towns, ponds, marshes and forests. 

3. Destruction of larvae—It is easier and more effective to kill 
mosquitoes in their larval stages than as adults and several methods 
are used with success. (a) Oiling—The breeding places of mosquitoes 


and bedrooms or 
Ty of mosquitoes. (d) Painting 
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are sprayed with petroleum oils, the oil film formed on the surface of 
water does not asphyxiate the larvae, as is commonly believed, but is 
toxic to them, the oiling must be repeated to kill those larvae and 
pupae which will hatch later. (b) Panama larvicide is a mixture 
of caustic soda, resin and phenol in water, it has been used most effec- 
tively in the Panama Canal region. The Panama larvicide mixes well 
with water and kills both the larvae and the algae on which they feed. 
One part of Panama larvicide is sufficient for 10,000 parts of water. 
(c) Paris green is a powder of arsenic mixed with fine dust, one part 
of powder with 100 parts of dust. This can be thrown in the wind 
and it will cover the surface of a pond; it is insoluble in water and 
remains floating and is eaten by surface-feeding larvae of Anopheles; it 
will kill the larvae but not pupae. It is effective only against those 
larvae which feed on surface. (d) Natural enemies—Some fish, like 
minnows, Lebistes and Gambusia live on larvae and pupae of mosquitoes 
and their introduction in breeding places is helpful, but for this the 
bush and floating vegetation must be cleared so that the fish can reach 
the larvae. (e) Chemical Jarvicide—One part of D.D.T. emulsion in 
thirty million parts of water is used most extensively as a spray to kill 
larvae, but it takes 50 hours. Aerial spraying can be used for this 
purpose to:cover large areas. 

4. Elimination of breeding places—For those mosquitoes which 
breed in rain-filled containers and cisterns, like Aedes, emptying 
of water is effective. For large ponds and swamps, digging a sloping 
ditch removes large volumes of water. Small ponds can be filled up 
with mud. In India cycles of 5 wet days followed by 2 to 4 dry days 
were found to be highly effective in controlling Anopheles in fields. 

5. Preventive medicine—Daily doses of quinine are effective 
against mosquito bites, but a successful vaccine has yet to be found 
for yellow fever. 


Musca nebulo (The House-fly ) 


The house-flies of genus Musca are very common in human dwell- 
ings, they are especially abundant and. very active during summer and 
rainy season. In winter most of them die, but many survive in warm 
Places, the cold only makes them slow and sluggish. They rest at 
night on ceilings, walls and fixtures like electric wires. There are 
Many species of Musca: Musca nebulo is the commonest house-fly in 
India: Musca domestica in Europe and America; Musca vicina is com- 


Mon in all Oriental countries. 
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TARSUS 


PULVILLUS 


Fig. 388 Musca nebulo. A—Antenna, B—Tipoftarsus. ` 


OCELLAR PLATE 
WITH OCELLI 


COMPOUND EYE 


HYOID SCLERITE 
LABRUM-EPIPHARYNX FE DISCAL SCLERITE 


Fig. 389 Afusca—head and proboscis (anterior view) 
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Externals—Musca nebulo is about 8 mm in length and the body 
is divided distinctly into head, thorax and abdomen. The body is 
heavily built and is grey-coloured. 

Head—The head is large and freely mobile, it is as broad as the 
thorax, it bears two large reddish-brown compound eyes laterally, 
each having about 4,000 ommatidia. On the dorsal side of the head 
there are three ocelli or simple eyes on a triangular ocellar plate. 
Between the compound eyes the dorsal region of the head has a үег- 
tex, below which is a frons. In front of the head is a depression boun- 
ded by a U-shaped frontal suture or ptilinal suture. In the de- 
pression is a pair of small three-jointed antennae, the last joint being 
the largest. On the last segment of the antenna is a bristle which is 
plumose to the tip, it is called arista. The antennae can be raised in 
front of the head and can be withdrawn into the depression. Above 
the bases of antennae is a small crescentic sclerite known as frontal 
lunule. Below the depression is a membranous ridge called the 
epistome. Below each compound eye is a lateral gena. Under the 
head is а fleshy proboscis, it is formed of three parts, a basal ros- 
trum, a middle haustellum and a distal pair of labella. The ros- 
trum is cone-shaped and has a clypeus in front. Morpholosically 
the rostrum is a part of the head and it bears a pair of one-jointed 


PHARYNX < 


SALIVARY DUCT 


- 


ROSTRUM 


Fig. 390  Musca—proboscis (lateral view). 
maxillary palps. Inside the rostrum is a chitinous fulerum which 
encloses the pharynx. Under the lower end of the fulcrum is a small 
chitinous hyoid sclerite which keeps the lumen of the pharynx dis- 
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tended. Hinged to the rostrum is a haustellum formed by a highly 
modified labium, the posterior part of the haustellum has a weakly 
chitinized theca or mentum: The front side of the haustellum has a 
deep oral groove enclosing а labrum-epipharynx and ahypopharynx. 
The hypopharynx has 
a миса duct. The ErIPHARYNX poy nie ad aha 
labrum-epipharynx is gro- 
oved below, the groove 
can be closed by the hypo- 
pharynx to form a and 
food channel. Mandibles '"^P!"^ 
maxillae are absent. The 
distal labella are large ‚ тнесА 
lobes fused in the middle, 
their outer surface has a 
series of channels called Fig. 391 Musca—T. S. of haustellum. 
pseudotracheae which are kept open by a series of incomplete chitinous 
rings making them look like tracheae. The pseudotracheae open 
externally by a double row of tiny holes through which liquid food 
is taken in. The pseudotracheae converge into a mouth lying between 
the two labella. Near the mouth are very small prestomal teeth 
which are used for rasping solid food. 

The proboscis can be retracted below the head and it folds be- 
tween the rostrum and haustellum. 

Feeding—The house-fly feeds on any organic fluid, its mouth parts 
are modified for lapping up liquid food. The proboscis is extended 
and the labella are placed on the fluid, the lubella can smell and 
taste the food. By the suctorial action of the pharynx fluid food and 
very fine solid particles are sucked up into the pseudotracheae from 
where they go into the mouth, and then into the food channel formed 
by labrum-epipharynx and hypopharynx, then the food enters the 
pharynx and goes to the alimentary canal. House-flies also feed on 
solid substances, especially sugar and sweets; the fly regurgitates a 
drop of liquid from the alimentary canal and saliva from salivary 
glands on to the solid food through the pseudotracheae of the labella. 
The alimentary canal fluid and saliva liquefy the solid particles of 
food which the fly sucks up. 

Thorax—On the dorsal side of a grey-coloured thorax are four 
black-coloured longitudinal stripes. The thorax is formed mostly b 
an enlarged mesothorax; the prothorax and metathorax are greatly 


ORAL GROOVE 


HYPOPHARYNz 
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reduced and almost hidden on the dorsal side. The large mesothorax 
bears a pair of wings. The wings are transparent, and when folded 
at rest, they cover the abdomen and project beyond it posteriorly. 
On the lower inner side of the wing is a free lobe, the alula, and be- 
yond this towards the thorax, there are two other lobes called squamae 
which are opaque. These three lobes fold below when wings are 
closed. Wing is supported by nervures. The metathoracic wings are 
much reduced and modified to form halteres which are balancing 
EPAULET 


NERVURB 


SQUAMAE' 


ALULA 


Fig. 3992 Wing of Musca. 

organs, they vibrate rapidly during flight. [A haltere has a broad 
basal scabellum, a narrow stem or pedicel and a terminal knob, the 
capitellum. In the scabellum are several sensillae which are sound 
receptors.] Below the thorax arise three pairs of legs which have 
normal podomeres or leg-segments as described for the legs of cock- 
roach, tarsi are five-jointed. The tarsus ends in two claws, below 
which are two pad-like pulvilli; the pulvilli secrete a sticky fluid by. 
means of which the fly can rest and walk on ceilings and smooth 
surfaces like glass panes without falling. The entire leg bears a large 
number of bristles. 

Abdomen—The attachment of abdomen to thorax is narrow, the 
abdomen is broad in the middle and narrow towards the apex. It is 
yellowish basally and dark yellow above, with a black longitudinal 
stripe mid-dorsally. There are ten segments in the abdomen but the 
first has atrophied and the second is reduced, the third to the sixth 
are well developed and visible, but segments seven to ten are reduced 
and lie telescoped inside the anterior segments. A pair of spiracles is 
present in the ventral edges of segments two to six. In the female, the 
hidden segments seven to ten form a tubular ovipositor which pro- 
trudes and can be seen when the fly is depositing eggs, or can be pulled 
out by means of fine forceps. The tenth segment bears a pair of cerci. 
In the ale mthe terminal segments form a hypopygium or external 
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genital organ. The ninth segment has a pair of claspers with an 
aedeagus between them; the tenth segment is fused to the ninth and 
bears a pair of cerci. 


Life-history—Four days after mating, the female house-fly lays ° 


her eggs. The eggs are laid any time during the 
breeding season, which in India is from March 
till October in the greater part of the country. 
The house-fly lays eggs in stable manure by pre- 
ference, but failing to find this, it may lay eggs 
in human faeces, garbage, or decomposing animal 
and vegetable matter. The conditions required for Р, 
laying eggs are moisture and a; favourable tempera- Fig. 393 

ture, hence stable manure or human faeces should Eggs of Musca. 
not be dry. The female extends her ovipositor and lays about 120 
to 160 eggs at one time. In the course of a breeding season a single 
female may lay eggs 4 to 6 times. An egg is whitish, cylindrical and 
1 mm long; it has two longitudinal rib-like thickenings on one side. 
The first instar larvae hatch in 8 to 24 hours, depending upon the 
temperature. 

Larva—The larva is also called a maggot, it is highly modified, 
without a distinct head, there are no thoracic or abdominal limbs, the 
spiracles are greatly reduced in number. The entire body is covered 
by thin soft chitin. Such a limbless larva is known as an apodous. 

The larva, when it hatches from the egg, is the first instar and is 
2 mm. long, it is metapneustic having only one pair of posterior 


POSTERIOR 
SPIRACLE 


ORAL LOBE 


Fig. 394 2nd instar larva of Musca. 
abdominal spiracles with two slit-like apertures in each, the spiracles 
are on the last segment. The first instar lasts for two to three days; 
then it moults to become the second instar which is larger, and be- 
sides the posterior pair of spiracles, which become larger, the second 
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instar acquires an anterior pair of spiracles also, it is thus amphipneus- 
tic, with one pair of posterior abdominal spiracles and one pair of 
prothoracic spiracles. The second instar lasts for a day, then it moults 
to form the third instar. The fully grown larva of the third instar 
is 12 mm long, it has a small insignificant head which can be with 
drawn, it is followed by 12 segments, the anterior end is narrow but it 
becomes broader posteriorly. The pointed anterior end has two small 
oral lobes, each oral lobe has a minute sensory papilla; the sen- 
sory papillae represent reduced antennae. Mouth lies between the 
two oral lobes. A pair of hooks project out from the mouth. The 
hooks are a part of secondarily developed chitinous endoskeleton 
called cephalopharyngeal skeleton, which is composed of three sclerites : 

(i) a pair of mandibular sclerites which articulate posteriorly with an 
H-shaped intermediate К PHARYNGEAL SCLERITE _ 
or hypostomal sclerite. MVPOSTOMAL eee TEI 

(ii) The hyposto- «ue 
mal sclerite has the 
poening of a salivary eno 
duct. 

(iii) Posteriorly is 


- / aon 
a large pharyngeal FSEUDOTRACHEA N LAESA 
sclerite, formed of two VANDIBULAR SGLERITE SALIVARY рост ` 
lamellae which unite . A 
Msi to i ons POSTERIOR SPIRACLE 
eep groove. e 


cephalopharyngeal 
skeleton is used for 
locomotion and for 
tearing up food. The 
third instar is am- y 
phineustic with two phe supe 


pairs of spiracles, the Fig. 395 A-—Anterio end of larva with 
anterior prothoracic cephalopharyngeal skeleton. 
spiracles lic in the B—Posterior end of larva. 


second segment and : à 
each has six to eight finger-like processes with openings at the 
tips. The abdominal spiracles are on the posterior dorsal side of 
the ‘12th segment, in the 3rd instar they become large, dark-coloured, 
and D-shaped with three spiral slits in each. The spiracles lead into ! 
a well-developed tracheal system. Below the posterior spiracles is an 


A.B.—34 
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anus in the 12th segment. Last segment has a pair of anal tubercles. 
On the ventral side of segments, six to twelve are spiny pads or 
pseudopodia, one pair in each segment, they are useful in locomotion. 
The third instar lasts for about 3 or 4 days. The total larval period 
is from 6 to 8 days, during this time the larva moults twice, and it 
feeds and grows larger at each moulting. Actively feeding larva 
moves away from light into moist and dark parts of the dung; it 
produces enzymes by which food is liquefied and it takes in liquids 
and small solid particles. 

Pupa—When the larva is ready to pupate, it searches out a dry, 
dark crevice of the manure, the body contracts and segments are 
telescoped to form a pupa. Thus the larva changes into a pupa with- 
out moulting, the last larval skin hardens to form an outer covering 
or puparium which encloses the pupa. Such a pupa is called coarc- 
tate, it has no chitinous covering of its own, but only a soft 
pupal skin. The last larval skin is retained as puparium. The 
puparium is brown-coloured and barrel-shaped. Externally, it is 
segmented and shows traces of larval spiracles and spiny pads which 
become non-functional. The pupa takes in air by means of a pair of 
spine-like pupal spiracles, projecting between the fifth and sixth seg- 
ANTERIOR у ments of the puparium. The 
SPIRACLE ae E pupa is immobile and the 

pupal stage lasts from 4 to 5 

days. During this time histo- 

lysis occurs by the phagocytes 
Remains op feeding upon the tissues of 
SPINY РАОЗ larval organs. The imaginal 
buds of the larva begin to 
form organs of the adult, i.e. 
histogenesis occurs in the 
pupa due to the hormone of 
prothoracic gland. By these 
processes the adult fly or 
imago is formed from the 
pupa. An eversible blood- 
í filled bag called ptilinum is 
formed on the head of the imago. By pressing the ptilinum against the 
puparium, the fly breaks the puparium which splits transversely and the 
imago comes out. The wings of the imago dry and it flies off to be- 
come sexually mature in one week. After the emergence of the imago, 


Fig. 396 Puparium of Musca. 
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the ptilinum is withdrawn into the head, but it leaves behind a mark, 
the U-shaped ptilinal suture. 

Bionomics of house-fly—Apart from their annoying habits, the 
house-flies are carriers of 
pathogens. Flies feed on 
garbage, тапше and 
faeces; they also visit them 
for laying eggs, they pick 
up disease germs and 
leave them on our food 
in dining rooms, kitchens, 
restaurants, and shops of 
edibles, chiefly sweets and 
confectionery. They pick 
up disease germs on their 
bristly legs апа sticky 
pulvilli, then they come 
and brush their legs on 
to human food. They also take in disease-organisms into their ali- 
mentary canal which they transfer to human food through their faeces, 
and through exuding saliva and fluids of alimentary canal on to 
human food. Thus house-flies are very dangerous and transmit 
organisms which cause human intestinal disorders, such as typhoid, 
paratyphoid, diarrhoea, both bacillary and amoebic dysentery, gastro- 
enteritis and cholera. They also transmit tuberculosis and virus of 
poliomyelitis and cause food-poisoning. House-flies also feed on dis- 
charges from eyes and wounds, thus they have been known to cause 
ophthalmia in Egypt and Greece, and yaws in the tropics. The lar- 
vae of house-fly ingest eggs of a nematode Habronema, the infection is 
passed on to the pupae and to the adult flies which transmit the parasite 
to horses, but often the house-fly deposits the nematode larva into 
the eyes of children and thus cause conjunctivitis. Often the eggs of 
helminth parasites of man have been found in the alimentary canal or 
faeces of house-flies and they transmit two such parasites; the eggs of 
Hymenolepis (a tapeworm) are transferred from the faeces of one per- 
son to infect another. Secondly, the eggs of another tapeworm Echi- 
nococcus, found in dogs, are transferred to human beings where they 
develop to form huge and often fatal cysts. 

Control of House-flies 
Protection of food—If kitchens are screened and food is kept 


EYE FORMING 


Х WING CASE 


Fig. 3997 Pupa removed from puparium. 
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covered, the flies cannot transmit diseases; but this should be done оп 
a large scale in public restaurants, in shops which sell sweets and 
especially in keeping a city’s milk supply free from flies. 

2. Control of breeding of flies—(a) Flies breed in stable manure, 
human faeces and garbage, these should be kept in closed cisterns, 
then removed by municipalities, and either buried underground or 
incinerated, as is done in many cantonment areas. (b) City and village 
garbage may be spread out in fields, so that it dries quickly to prevent 
egg-laying. If lime is added to manure, it also prevents egg-laying. 
In China, sodium cyanide solution is put in human faeces containers, 
it prevents egg-laying successfully. (c) Garbage and refuse may be 
treated with insecticides, such as calcium borate, which kills the larvae. 

3. Killing adult flies—Many devices can be used for killing flies 
in a home. (a) Fly-swatters are used on dining tables, fly-paper is put 
on windows and tables to which the flies get stuck and die. (b) Hang 
wires smeared with a boiled mixture of four parts of resin and one 
part of castor oil, the flies sit on these wires and die. (c) A few drops 
of 3% solution of formalin in a saucer of sweetened milk is kept in 
homes and restaurants, flies suck up this milk and die, but the milk 
should be rendered slightly alkaline by adding lemon juice to make it 
palatable to flies. (d) Flies can be killed most successfully by spraying 
of houses, barns and stables with D.D.T., benzene hexachloride, or 
chlordane. 2% O-isopropoxyphenyl methyl carbamate marketed 
as “Baygon bait’ on sugar crystals is the best household insecticide. 
Large areas of cities and villages can be sprayed from an aeroplane 
with five parts of D.D.T. per hectare. 

Blood-sucking Flies 


Some flies have mouth parts adapted 
for sucking the blood of man and animals; 
consequently, they are vectors or carriers 
of diseases. 

1. Glossina (tsetse-fly)—It is slightly 
larger than a house-fly. They are found 
in Africa and one species extends into 
Arabia. It has an elongated brownish- 
coloured body; the proboscis is slender 
with a bulbous base and it projects in 
front of the head; it has a piercing labium 
Beet бышы. with special teeth at the tip for rasping 

(tsetse-fly) and tearing. Glossina can rise only a few 
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metres from the ground. Glossina are vectors of trypanosomes which 
are injected in the blood and lymph glands of humans, then the try- 
pano somes enter the cerebrospinal fluid and cause sleeping sickness 
which results in drowsiness, coma and finally death. Glossina palpalis 
and Glossina tachinoides are vectors of Trypanosoma gambiense which 
causes Gambian sleeping sickness in West Africa. Glossina morsitans 
is the vector of Trypanosoma rhodesiense which causes Rhodesian sleep- 
ing sickness in Africa. Glossina morsitans is also the vector of 7ry- 
panosoma brucei which causes nagana in horses and cattle, nagana is 
similar to sleeping sickness. 


2. Stomoxys-fly (stable or biting house-fly)—Stomoxys calcitrans 
is found all over the world, but other species are confined to the Old 
World, they are annoying pests of men and animals. Stomoxys re- 
sembles a house-fly very closely, but it differs from it in having a 
slender proboscis, short maxillary palps, the dark longitudinal 


Fig. 399  Stomoxys (stable-fly). 


lines on dorsal side of thorax are interrupted, and abdomen is shorter. 
It has a long proboscis with small oval labella having no pseudo- 
tracheae, but with plate-like chitinous teeth for cutting. Stomoxys is 
the vector of Trypanosoma evansi which causes surra in horses and cattle. 
They also transmit blood infections of cattle which cause anthrax. 
They transmit germs of Oriental sore and serve as intermediate hosts 
of a nematode Habronema which is a parasite in the stomach of horses. 
They are also intermediate hosts of a filarid called Setaria which may 
cause eye disease in cattle, and of Hymenolepis, a tapeworm of chickens. 

3. Tabanus (horse-fly) and Chrysops (mangrove-fly)—These аге 
blood-sucking flies and belong to the family Tabanidae. They have 
large heavily-built bodies, the eyes are very large and extend laterally. 
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Third joint of antennae is 
annulated and has no arista. 
Proboscis is short and straight 
for piercing and sucking. 
labella at the tip of labium 
have pseudotracheae.  Taba- 
nus is a vector of trypano- 
somes, it transmits 7rypano- 
soma evansi which causes 
surra in horses and cattle; 
Trypanosoma brucei causes Fig. 400 Tabanus (horse-fly). 
nagana in animals; Trypanosoma equiperdum causes dourine in horses. 
Chrysops is the vector and intermediate host of a nematode Filaria loa 
(Loa Loa) in West Africa. The parasite wanders about in the sub- 
cutaneous tissue, especially around the eyes and causes **Calabar 
swellings” and conjunctivitis in man. The larvae of the nematode come 
: to the peripheral circulation during daytime, 
when Chrysops dimidiata sucks blood, the larvae 
develop in the fly and are transmitted to new 
hosts. Tularemia, a plague-like disease of 
rodents, is transmitted to man by Chrysops 
discalis in America. 

Phlebotomus (sand-fly)—They are small, 
slender hairy midges found all over the world 
except in Australia. The antennae and maxillary 
palps are long. Mouth parts are for piercing 
and sucking, the proboscis is long so that it is 
not bent during feeding; they suck blood of 
mammals and reptiles. Phlebotomus papatasi 
causes 'sand-fly fever’ in man in the Medi- 
terranean countries. Sand-fly fever is a virus 
disease and resembles dengue and influenza. 
Sand-flies also cause Orya fever in South America; they are also vectors 
of various types of leishmanias which cause Oriental sores transmitted 
by Phlebotomus papatasi in Africa and by P. sergenti in India; another 
leishmania disease is kala-azar fever in man, it is transmitted by Р. 
argentipes in India and by P. major in several countries. 

Insects and Man 
There are some insects which are beneficial to man, but there 


Fig. 401 Phlebotomns 
(sand-fly). 


is a very large number of insects which are harmful to man either - 
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Е directly or indirectly. Such injurious insects attack man and his 
domestic animals causing diseases, while ‘some others destroy his 
property and the crops he grows. Man and insects are at war 
constantly for the same food and the same places to live in. 

A. Useful Insects—Among the insects useful to mankind are those 
that produce honey, wax, silk and lac. Besides these, there are some 
that help to bring about cross-pollination of flowers by carrying 
pollen; some others destroy injurious insects by devouring or para- 
sitizing them. 

Я 1. Apis (honey-bee). The commonest species of honey-bees are 
| Apis mellifera of Europe and A. cerana indica of India. In India four 
species are common : Apis-cerana indica which is medium-sized; Apis 
dorsatta which is the largest Indian honey-bee that constructs a huge 
comb suspended from branches or buildings. Apis florea and Apis 
tragona are our smallest honey-bees. 

Bees are found wild and are also domesticated. They are social 
and polymorphic insects, living in colonies in honey-combs made of 
wax. The colony has a female or queen, several males or drones 
and thousands of workers. Queen is the centre 
of the colony, it is large and has a long abdomen 
extending behind closed wings. She performs 
no functions and lacks organs for food gather- 
ing or nest building, her sole duty is to lay eggs 
from which new members of the colony develop. 
Drones are stout but shorter than the queen, 
they have large holoptic (touching each other) 
eyes. Their only work is to fertilize the queen. 
Workers are females in which gonads are 
under-developed, hence they are sterile and are 
called neuters; they are less stout than drones. Queen and workers 
possess a sting which is a much-modified ovipositor; consequently, it 
is absent in drones. Queen and workers develop from fertilized 
eggs but drones are formed parthenogenetically from unfertilized 
eggs. 

Queen and drones are concerned only with reproduction, workers 
perform all duties of collecting food and honey, building combs, pro- 
ducing wax, tending the young ones and cleaning the hive. Thus the 
workers are highly modified to perform these duties, their mouth parts 
are modified for collecting nectar and moulding wax, their limbs for 
collecting pollen and their epidermis for secreting wax. The mouth 


Fig. 402 Api 
Honey-bee (worker). 


H " a е Taf 
CCO. Vasishtha Tripathi Collection. Digitized by eGangotri Leas: 


30,27 maie a 


520 ANIMAL BIOLOGY 


parts of queen and drones are shorter and not used for collecting nec- 
tar, wax glands.of epidermis and modifications for collecting pollen 
are absent. 

Mouth parts—They consist of labrum-epipharynx, two mandi- 
bles, two maxillae and an elongated labium. In workers, mandibles 
have lost their serration and become spatulate for manipulating 
wax; maxillae have lost the lacinia; and galeae are blade-like and 
elongated; maxillary palps are vestigial. In labium, paraglossae are 
much reduced and the glossae are united, hairy and much elongated, 
ending in a mobile, expanded *honey-spoon or labella; labial palps are 
very long. Galeae, glossae and labial palps get applied together to 
form a tube which can be inserted into a flower to suck nectar. The 
nectar is stored in a crop, it is mixed with saliva and on return to 


the hive it is regurgitated (vomited) into cells of the comb and stored 
as honey. 
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Fig. 403 Head and mouth parts of a worker honey-bee. 


_Legs—Body of the worker becomes covered with pollen which 
brings about cross-fertilization in flowers. Pollen is also collected and 
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taken to the hive. The legs of the workers are much modified, they 
have branched bristles for gathering pollen and some bristles called 
pollen brush for brushing up pollen. First leg tibiahas a movable 
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Fig. 404 Legs of honey-bee. 

spine, the velum, fitting over a groove in tarsus, these two together form 
an antenna comb for removing pollen and other material from anten- 
nae. Second leg has a spur at end of tibia for removing pollen from 
hind legs. Third leg is much modified, first segment of tarsus is long 
and has rows of stiff bristles forming pollen combs. Outer surface 
of tibia has a depression, the pollen basket, for storing pollen while 
the bee is working in the field. Distal end of tibia has a row of large 
spines, the pecten; first segment of tarsus has a smooth plate, the 
auricle; the pecten and auricle together form a wax pincher which 
is used for removing wax plates from abdomen of workers. 

Wax—Nentral side of abdomen of worker bee has four deep 
depressions between the segments, these are wax-secreting ene е 
тах produced by them is removed by wax pinchers, mixed m a va 
and moulded by mandibles to form the comb of hexagon Ep 

Colony—The colonies of some species of bees are така ш 
Others they are maintained from year to year. те ел vk Ж Ш 
colony live in а honey-comb, made of two layers of hexago 


constructed of wax; it is necessary for workers to eat honey in order 


to secrete wax. д срср 
i i is used in the construction of сото. 
Propolis, a resinous cement, € different sizes to а = 


The hj -comb has cells о 
dite js des "ала pupae and for storage of кыйн 
Which are used as food. Cells around the top "e j Cells in the 
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larvae of workers; larger cells for larvae of drones and a few very 
large irregular peanut-shaped cells for larvae of queens; these cells have 
their openings downwards and are at the edge of the comb; other 
cells open upwards. The queen lives for several years but workers 
and drones are short-lived. Queen lays eggs in cells after fertilization. 
Fertilization occurs in air when the queen goes on a nuptial flight 
with drones; on return she devotes all her time to egg-laying, placing 
one egg in each cell. At the end of summer, drones are ejected from 
colony by workers, since they are of no further use. Queen lays two 
kinds of eggs—one kind of eggs are unfertilized and they produce only 
drones, the other kind are fertilized and produce queens or workers. 
Whether the larva of a fertilized egg will develop into a queen or 
worker is determined by the food given to it. All larvae are at first 
fed on a secretion called royal jelly produced by workers. After a few 
days the larvae destined to become drones and workers are fed on a 


mixture of honey and predigested pollen; the larvae which will become 
queens are fed continuously on royal jelly only. 


EGGS AND LARVAE POLLEN CELLS 
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Fig. 405 Comb of honey-bee. 
When the population of a colony increases beyond the capacity of 
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the hive, then the fertilized queen and a number of workers swarm 
out of the hive; they construct a new hive and found a new colony. 
A new queen develops in the original colony, this virgin queen takes 
the nuptial flight with several drones and after fertilization in mid-air 
returns to the old colony. > 

Honey-bees produce billions of kilograms of honey annually in the 
world and millions of kilograms of wax is obtained annually from honey- 
combs. Thus the honey-bee is of very great economic value to mankind. 

2. Bombyx mori (Chinese silkworm)—The silk-producing Bombyx 
is among the most important wealth-yielding domesticated animals. 
It is an inhabitant of China from where it has been introduced to 
almost all parts of the world. Many local races have been produced 
due to climate and interbreeding, but they differ from each other mainly 
in the number of annual broods, different races produce one to six 
broods per year. 

The adult called silk moth has a robust creamy white and hairy 
body; the wing expanse is 40-45 mm with several faint lines across 
the forewings. Antennae are bipectinate in both sexes, a proboscis is 
absent. It is now an entirely domesticated moth and is not known 


Fig. 406 Bombyx mori (silk-worm). 
A—moth, B—larva, C—cocoon. . 


in the wild state. The female after mating lays 300 eggs, they are 
yellowish and sub-spherical; eggs may be laid several times a year. 

The larva or caterpillar which hatches from the egg is known as 
silkworm. It has a small head, elongate body about 45-55 mm 
long. The body is smooth but wrinkled, there are 3 pairs of legs and 
5 pairs of prolegs, on the eighth abdominal segment 1s a dorsal anal 
horn. The larvae are reared in huge screened cages and fed on 
mulberry leaves. The larval period lasts for 45 days, then it pupates 
by forming a cocoon. Larval labial glands are transformed into silk 
glands called sericteries, which secrete a silk thread for the cocoonni 


^ 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


t meten MR vo ara: dut bes 


524 ANIMAL BIOLOGY 


which the pupa is enclosed. The cocoon is white, thick and oval. 
The adult emerges from the cocoon in 12 to 16 days. 

In silk industry (sericulture) the pupae are killed in their cocoons 
by heat or hot water and raw silk thread is reeled off from cocoons. 
About 300 metres of silk thread comes from each cocoon; about 
51,000 cocoons are required to make one kilogram of silk. The number 
of silkworms reared all over the world is indicated by the fact that 
the world uses 24 million kilograms of silk annually. India is one 
of the silk-producing countries of the world. Sericulture centres are 
in Kashmir, Assam and Mysore. In Spain the silk glands of the larva 
are taken out to make gut, the gut is used widely for surgery and fishing. 

3. Tachardia (=Laccifer) lacca (Indian lac insect)—Lac insect of 
commerce is one of the scale insects found in India, Ceylon and Far 
East up to the Philippine Islands. Itis found on resinous plants, such as 
Ficus, Acacia, Shorea, Butea and Zizyphus; the insect sucks the juices 
of these plants. The female lac insect has a globular body flattened 
dorso-ventrally; from the body project three processes, one bearing 
the anus and the other two having a mesothoracic spiracle each, 
abdominal spiracles are absent. There is a pair of minute antennae 
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Fig. 407 Tachardia lacca (lac insect). 
A—stick lac, B—female lac insect. 


and a short two-jointed rostrum formed by labium and labrum; enclosed 
in the rostrum are mandibles and maxillae; the rostrum is used for 
sucking plant juices. Legs are practically absent, there are no wings; 
the females are degenerate but they are sexual and parthenogenetic; 
they are viviparous. The males are tiny and are either wingless or 
possess only the anterior pair of wings, their mouth parts are absent. 
On the head there are four ocelli, one dorsal pair and a ventral pair, 
compound eyes have atrophied. There are two generations of insects 
in a year in which the males are dimorphic, those of the first generation 
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may be apterous or may have only one pair of wings, but those of the 
second generation are all apterous. 

The body of female is encased in an exudation of lac, the lac form- 
| ing а lac-cell with openings to permit various functions of life. The 
| females cover the twigs in huge numbers and their lac encasings form 

up to 2 mm-thick coating on twigs. Lac is gathered by removing: 
the coating from twigs, it is melted in boiling water and then refined 
to make shellac of commerce. Shellac is exported from India, it is 
also used for making paints, varnishes and many decorative articles. 
Two million kilograms of shellac is made every year in India. The dried 
| bodies of females are used for making a crimson colouring agent called 
lac dye, this dye is used for colouring silk and soles of feet by women. 

B. Injurious insects—The number of insects injurious to man, his 
property, his domestic animals, and his crops is very large. Several 
types transmit diseases to man and domestic animals. 

1. Discase-transmitting insects—Many species of mosquitoes, 


—— ——N—-- 


Fig. 408 A—Ichneumon fly laying eggs in an aphid. 
B—Cocoons (pupae) of a hymenopteran on the larva of the tomato sphin 
moth. 
C—Ichneumon fly laying eggs in the abdomen of June beetle. 


RT re aca АЕ ЖЕ ee 


` 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


/ 20960 & 3. nci iba Ud a. РУ 


526 ANIMAL BIOLOGY 


flies, fleas, lice and bugs transmit diseases in man and animals in two 
ways. They either directly destroy the tissues of their hosts, or they 
act as vectors by carrying disease-producing bacteria, viruses and pro- 
tozoans from one host to another. Several species of Anopheles are 
vectors of human malarial parasite called Plasmodium. Culex acts as 
intermediate host and vector of a round worm which causes elephan- 
tiasis in man. Aedes is the vector of the virus of yellow fever and 
dengue fever. Among flies Musca transmits germs of typhoid, 
cholera, dysentery, diarrhoea and trachoma—a common eye-disease 
of tropics. Glossina, the tsetse fly, transmits the sleeping sickness 
protozoan to man and animals. Phlebotomus, the sand-fly, spreads 
sand-fly fever, Oriental sores, and kala-azar. The rat-flea (Xeno- 
psylla) transmits Pasteurella pestis of bubonic plague from rats to man. 
Plague used to occur in epidemic form in India. Some bugs (Triatoma) 
carry the protozoan (Trypanosoma) of a sleeping sickness-like disease 
in South America, and one species transmits kala-azar in India. 
Pediculus, the louse, causes typhus, trench fever and relapsing fever. 

2. Household insects—White ants or termites cause untold 
damage to wood-work, furniture, carpets and books in human 
dwellings. The silver fish, Lepisma, destroys books and manuscripts. 
Clothes moths and Ichneumon flies lay eggs on warm clothes, on 
hatching the larvae feed on and destroy clothes, furs and carpets. 

3. Injurious to domestic animals—The tsetse-fly, Glossina, carries the 
trypanosome which causes nagana in horses. Tabanus and Stomoxys 
Inject the trypanosome of surra into horses and cattle in India. 

4. Injurious to crops—There are innumerable insects which 

. damage or destroy farm crops, fruits, vegetables, sugarcane, forest 
trees and stored grains. Only a few 
of these insects are mentioned. The 
leaves and ears of rice plants are 
eaten by the Indian rice leaf-hopper 
Nephotettix, while the larvae of a 
moth (Schoenobius) bore into the stems 
and kill the rice plants. The larvae 
of the Hessian fly Myetiola damage 
Fig. 409 Pyrilla (Sugarcane Wheat plants. Pyrilla,a leaf-bug, sucks 

bug). the juice of sugarcane both as a 
nymph and as an adult causing great 
the top borer moth, Bissetia steniellus, 
Chilotraea infuscatellus, the shoot borer, and 


damage. Scirpophgga nivella, 
the Gurdaspur borer, 
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Proceras indicus, the internode borer, are some of the common insect 
pests of sugarcane in India. Many moths, caterpillars and beetles 
damage stored grain in homes and granaries. Tribolium, the red 
grain beetle, is the most common grain-eater. Dysdercus, the Indian 
cotton bug, stains and destroys the cotton balls. Larvae of some 
moths known as cut-worms cut the leaves and stems, and then eat into 
potatoes in the fields and stores. Some other larvae are destructive 
to tobacco, peas, groundnuts, and wheat. Many nymphs, larvae and 
adult insects attack and damage the roots, stems, flowers and fruits 
of mangoes, plums, pears, apples and citrus fruits. Thus, the damage 
caused by insects to crops runs into crores of rupees annually in India. 
Pest control—Use of insecticides is the commonly used control 
measure. They are sprayed from helicopters or some similar less 
expensive devices. Biological control of pests is very interesting and 
lasting too. Through observation and research, it is found out as to 
what animals can destroy the pest. For instance, the green aphids 
are instrumental in transferring a number of viruses that cause diseases 
in plants. Ichneumon flies are known to attack aphids and push their 
eggs into the bodies of aphids. The larvae when hatched out of eggs 
feed upon the tissues of the host aphid. Similarly, some species of 
Ichneumon flies lay their eggs on beetles. Wasps are natural enemies 
of some aphids and beetles. Parasites can be introduced to kill the 
host-pests. For instance, parasites such as Telenomus, Rhaconotus 
and Trichogramma are used to control their natural pest-hosts of the 

short-borer of sugarcane, the Chilotraea. е 
Control of stored grains—Many insects cause serious loss and 
damage to stored grains. Red-grain beetle (Tribolium) is the most 
common destroyer of stored grain. Damage can be minimised by 
(EDB) ampules or aluminium phosphide 


using ethylene dibromide 1 

tablets (Quickphos). Both on exposure produce fumes that kill the 
insects inside air-tight storage bins. Use of BHC (gamezano) 14 
considered to be quite injurious to the food-grain itself, though it is a 


powerful insecticide. 
Questions 
insects which have typical fore wings, insects with 
fore. ошо сае and insects with hind wings modified. - 
What is it that makes а mosquito-bite irritating ? 


What is the role of halters in mosquito and йу ? 


Which sex of mosquito has less bushy antennae ? 
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Arrange the joints of the leg of house-fly in natural order. 
Differentiate between : 

(a) mouth parts of a $ Culex and a $ Anopheles. 

(b) mouth parts of a 9 Culex and a 9 Anopheles. 


Which of these organs of a mosquito bore the skins of the host : 
hypopharynx, mandibles, labium, maxillae, antennae, palps 
and clypeus. 


Why is a male mosquito contented with liquids other than the 
blood ? 


Enumerate the differences between the larvae of Culex and 
Anopheles. 


Why does Anopheles larva stay parallel to the water surface 
and that of Culex hangs at an angle ? 


Ina sample of pond water containing larvae and pupae of 


mosquito, how are you going to tell whether that locality has 
malarial mosquitoes ? 


How can you diagnose malaria from typhoid ? 


What two significant events are taking place in the pupae of 
mosquito and house-fly ? 


À house-fly can scratch sugar crystals yet it has no mandibles. 
Explain how. i 


Suggest some Biological control of Mosquitoes and house-flies. 


Name some common blood-sucking flies and the diseases 
caused by them. 


Which insects are responsible for the spread of sleeping-sickness, 
dengue, yellow fever, kala-azar and loa-loa 2 
How do bees make honey ? 


How are the mouth parts of a bee adapted for collecting pollen 
and nectar ? 


How pollens received on the head of honey-bee are eventually 
carried over to the pollen basket ? 

Where have you to look for lac insects ? 

Name some insect pests of our cereal and citrus crops. 


. Describe the life-history of House-fly or Culex. 


Which of these is an insect ? 
pin worm / hook worm / silk worm*. 


. Pyrilla is a moth / butterfly / bug* | beetle. 


Which mouth part of the honey-bee forms the *honey spoon'? 
mandible / labrum / glossa*/ paraglossa. 
‘Propolis’ is the food of larval honey-bee / excreta of honey-bee / 


cementing material used for making the comb* / special type 
of honey. 
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* Bee-keeping is known as— 


(a) Sericulture, (b) Apiculture*, 


(c) Horticulture, (d) Agriculture. 
Which of these are not worms— 
(a) silk worm*, (b) earthworm, 


(c) blind worm*. 
Real silk is the secretion of— 
(a) salivary glands, (b) spinnerets, 
(c) sericteries*. 
Which process is associated with the holometabolous insects ? 

hydrolysis / histolysis */ hemixis / paedogenesis / ketosis. 
Structures that enable the larva of Anopheles to stay just below 
the surface of water are : Ju А 
(a) tracheal gills, (b) pecten, 
(c) palmate hair*, (d). feeding brushes. 
Halteres are : Doha PUES 
(a) modified jaws, (b) under-developed wings*, 
(c) specially developed wings, (d) ‘special breathing devices. 
Which of the following lay eggs that hatch into nymphs instead 
of as larvae : 

1. cockroach, 2. mosquito, 3. grasshopper, 4. butterfly. 
(a) Land IU, (b) Land III*, 
(c) Шапат, (d) Land IV. 
Mosquitoes are attracted to human beings, because of— 
(i) hairy skin of man, (ii) warmth, 
(iii) moist and warm skin of man*. 
Insecticides sprayed over the mosquitoes 
(i) desensitize the chemoreceptors and mechanoreceptors of 

the antennae*, 
(ii) immobilize their legs, 
(iii) suffocate them, 
(iv) desensitize their nervous system”. 
are found upon : 

dem оспа femur/ pretarsus*. (СРМТ-1986) 


Male mosquitoes can be recognized from female mosquitoes by : 


: i numerous bristles on their antennae*/ 
their larger bodies/ more (CPMT-1984) 


larger heads/ longer legs. 


Honey bees are used foni; : */ pisciculture. 
sericulture/ tissue culture/ apiculture*/ pisci (CPMT-1983) 
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40. Honeybee stores honey їп: 
stomach/ salivary glands/ cells of comb*/ crop. (CPMT-1986) 
41. Kala-azar is transmitted by : 
fruit fly/ dragon fly/ house fly/ sand fly*. (CPMT-1986) 
42. Rearing silk worm is called : 
apiculture/ sericulture*/ agronomy/ Pisciculture. (CPMT-1986) 
43. Natural parthenogenesis is known to occur in honey bee*/ frog/ 
cockroach/ unfertilized egg of earthworm. (CPMT-1988) 
44. Young one of a mosquito is known as maggot/ imago*/ nymph/ 
caterpillar. (CPMT-1988) 
45. Male and female adult Culex can be identified by : body size/ 
length of wings/ length of maxillary palps*/ length of proboscis. 
(PMT-1990) 
46. Johnston's organs are present on : 
(a) abdomen of house fly, 
(b) head of cockroach, 
(c) antennae of mosquito*. 
(d) arista of housefly. (PMT-1990) 
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THE RABBIT O»ctolagus cuniculus 


Oryctolagus cuniculus, the rabbit, is described as an example of 
class Mammalia. Its original home was in Western Europe and Africa 
from where it spread, or was carried by man to various regions of the 
world. Oryctolagus is not found widely in the wild state in India, but 
the domesticated varieties are common in all parts. Various races 
of rabbit have been produced by breeders, they may be pure white, 
pure black or white with brown or biack patches. 

The rabbit is herbivorous, eating grass and a large variety of plants, 
mainly during early morning and late afternoon. It digs burrows 
in the ground from which tunnels are made in various directions; these 
are called warrens. The rabbit retires into the warrens to sleep or 
at the approach of danger, and to rear its young. It is gregarious 
and several families consisting of hundreds of rabbits may live in one 
burrow. It is a fast runner and can attain a speed of 32 to 40 kilo- 
metres an hour. A rabbit lives for 8 years, becoming mature at six 
months. It breeds four times a year producing five to eight young 
ones in each litter. The mother feeds the young ones on milk lying 
down; the young when born are blind, deaf, naked (without hair) 
and helpless. Natural enemies of rabbit are wolf, jackal, fox and 
wild cat. 

Externals—The body of the rabbit consists of a head, neck, 
trunk and tail; the trunk is divisible into a thorax and an abdomen. 
The entire body is covered with soft fur. 
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Fig. 410 External features of rabbit. 

Head—The head is large and produced anteriorly into a blunt 
snout. The snout has a terminal mouth, and the upper lip is cleft in 
the middle, the cleft being up to the nostrils, such a divided upper lip 
is called a cleft or hare-lip and it exposes the long front teeth known 
as incisors. Immediately above the mouth are two oblique nostrils 
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Fig. 411 Ventral view of the head of a rabbit showing hare-lip. 
which lead through nasal passages into the pharynx. Inside each 
nostril is an ovoid sensory pad. From the upper lip, thick tactile 
hairs or vibrissae project outwards; these are highly sensitive 
mechanoreceptors and respond to contact and movements of air. On 
the sides of the head are eyes, each having movable upper and lower 
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eyelids with a few eyelashes, and a separate small third eyelid or nictitat- 
ing membrane in the inner corner of the eye which is movable and is 
used for cleaning the cornea. On top of the head is a pair of large, mo- 
vable external ears or pinnae. Each pinna has a passage, the external 
auditory meatus, at the inner end of which lies a tympanic membrane. 

Neck— The head is joined to the trunk by a distinct neck on which 
the head is freely movable in all directions. 

Trunk and tail—On the ventral side of the thorax and abdomen 
are four or five pairs of teats or nipples in both sexes. Below the 
skin of teats there are branched tubes forming mammary glands 
which open on the teats, the glands are functional only in the female. 
At the posterior end of the trunk is an amus. In front of the anus 
is a urogenital aperture which in the female lies within a slit-like 
vulva and in the male at the tip of a cylindrical skin-covered penis. 
At the side of the penis, the adult male has scrotal sacs into which 
the testes have descended from the abdominal cavity. On each side 
of the anus, in both sexes, is a hairless depression into which the duct 
of a perinaeal gland opens; the secretion of perinaeal gland produces 
the peculiar odour of the rabbit. At the end of the trunk is a short 
bushy tail. The lower surface of the tail is white in the wild race; it is 
raised to give a warning signal to other rabbits when danger approaches. 

Limbs—There are two pairs of pentadactyl limbs. The fore 
limbs are short and are held rigid to take the shock at the end of a 
leap. They are also used for digging, each has a proximal upper arm 
or brachium which is directed backwards; below the brachium is the 
fore arm or antebrachium which is directed forward, distally is a hand or 
manus having a wrist or carpus, metacarpals and five digits with claws. 
The hind limbs are longer than the fore limbs, each has a proximal thigh 
directed forward, a shank or crus directed backwards, then a foot or 
pes directed forward. The foot has an ankle or tarsus, metatarsals and 
four-clawed digits. The palmar surface of hands and plantar surface 
of feet are hairy and the palms and soles fall flat on the ground, thus 
the rabbit has plantigrade posture. Only while running the hind limbs 
are suddenly straightened, a powerful forward thrust results in jumping 
and only the tips of digits touch the ground. Thus during running the 
foot posture of rabbit becomes digitigrade. 3 

Closely related to rabbits are hares. Most hares belong to genus 
Lepus but there are several genera of rabbits. The Indian hares are 
related to and resemble a European hare called Lepus europaeus. Lepus 
ruficaudatus is а common hare in North India, Lepus nigricollis is our 


^ 
А 


ССО. Vasishtha Tripathi Collection. Digitized by Seangan 


534 


ANIMAL BIOLOGY 


black-naped hare, and Lepus dayanus is the desert hare. Indian hares 
have a brown coat of soft fur, mixed with black on the back and the face; 
the chin, throat and ventral surface are white, the tail is brown above and 
white below. Caprolagus hispidus is a wild rabbit found in North India; 
it has a brownish fur of coarse and rough hair, the entire tail is brown 
and, unlike other rabbits, its cars (pinnae) are shorter than the head. 
Comparison of Rabbit and Hare 


Wild rabbit has a brownish | 1. Hare is brownish above and 


10. 


11. 


12. 


13. 


Oryctolagus—Rabbit | 


gray colour, size smaller; it | 
is domesticated easily. | 
Hind limbs, foot and pinnae 
shorter than in hare. 


Tips are of same colour as 
the rest of the pinnae. 
Rabbits are gregarious, living | 
in families and communities. 
They dig burrows with bran- 
ching tunnels having several 
exits. | 
It attains a speed of 32-40 
kilometres an hour while 
running. 


Posterior nasal opening nar- 
rower than palatal bridge. 

It gives birth to 5 to 8 young | 
ones in each litter. 
New-born rabbits are naked 
(without hair), deaf (auditory 
canal not formed) and blind 
(anterior chamber of eye in- 
complete). | 
Rabbits come out and feed | 
during early morning and ' 
late afternoon. 

Rabbit gives a danger signal 
by its ventrally white tail and 
by striking the earth with its 
hind limbs. 

The upper front incisors have 
a prominent [longitudinal 
groove on the outer surface. 
Interparietal and supraocci- 
pital are separate. 


1 


2: 


м PROP 


10. 


11. 


12. 


13. 


Lepus—Hare 


white underneath, size larger; 
usually it is not domesticated. 
Hind limbs, foot and pinnae 
are proportionately larger 
than in rabbit. 

Tips of pinnae are black. 


Hare has a solitary habit. 


. It makes a small excavation on 


the surface under bushes or in 
grass. They are called ‘farms’. 
It runs at 56-72 kilometres 
per hour and, consequently, 
has more spacious nasal 
passages to take in air. 


. Posterior nasal opening wider 


than palatal bridge. 

It gives birth to two young 
ones in each litter. 
New-born hares are hairy, 
they can hear and their eyes 
are functional. 


Hares are nocturnal, they 
come out and feed at night. 


Hares also show their white 
tail for a danger signal, and 
by grinding their incisors to 
produce a sound. 

The upper incisors have no 
groove on the outer surface. 


Interparietal fused with supra- 
occipital. 
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Questions 


How does a rabbit dodge a fox ? 
Which mammalian characters do you share with the rabbit ? 
Name three such characters by which you can decisively identify 
a mammal from any other vertebrate. 
How does a rabbit deal with emergencies" ? 
Explain : digitigrade, unguligrade and plantigrade. (Consult a 
Zoological Dictionary.) 
Enumerate the differences between hare and rabbit. 
How would you convince your friend that whale is a mammal 
and not a fish ? 
A characteristic smell of rabbit comes from its sebaceous glands / 
milk glands / food / sweat glands / perineal glands*. 
The number of digits in the frog an rabbit is like this : 

Hand: .........-.: in frog, ......-..... in rabbit; 

Foot: —.. es in frog, ...... ee in rabbit. 


Ы 
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INTEGUMENT 


[EES Ш 


The integument forms a protective covering around the animal 
and it is partly responsible for retaining the body shape. Skin is 
covered with hair. It is elastic and waterproof. It is thick and con- 
sists of an ectodermal epidermis and a mesodermal dermis, as in all 
vertebrates. 

Epidermis—It is the upper layer formed of stratified epithelium, it 
has branches of sensory nerves forming free nerve-endings which are 
tactile. It has no blood vessels, hence substances pass to and from it 
by diffusion. It consists of several layers of cells, the lowermost of 
which is known as stratum germinativum or stratum Malpighii made 
of columnar cells which keep on dividing actively; these cells rest on a 
thin basement membrane. As new cells are formed, the older cells are 

pushed up, at the same time, their protoplasm becomes granular and 


horny, due to the formation of a hard protein called keratin; the cells _ 


gradually become flattened. Above the stratum Malpighii is a layer 
of granular cells known as stratum granulosum. Outside the stratum 
granulosum may be a layer known as stratum lucidum or barrier 
layer; it is somewhat transparent and has hardened compact cells, 
it is found in places of friction, such as soles and palms. The 
outermost cells form a thick layer of hard scale-like, fully keratinized, 
flattened cells called stratum corneum containing hard keratin which 
prevents the passage of water and solutes. In places of friction this 
layer becomes very thick. Its cells have no nuclei but they are not 
dead as was believed before, they secrete hormones, one of which 
reduces the rate of cell division of the Malpighian layer. The stra- 
tum corneum is cast off in pieces periodically, Pigment granules are 
present in the lowest layer of the epidermis, but there are no chro- 
matophores. In man melanophores or pigmentary dendritic cells are 
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Fig. 412 У. 5. of mammalian skin. 


located in the basal layers of the epidermis, these are branched cells 


with | TOCESSES. : : 
Demni e is a thick layer below the epidermis and forms a 


е somewhat elastic covering over the body; it B 
й ааа са The dermis is formed of s tissue, 
elastic and collagen fibres, unstriped muscles, blood e S, пез, 
fat cells, some glands, and tactile corpuscles, all D эша е P 
Nerve-endings, receptors and blood capillaries are distri duc 1 
out the dermis. Some of the glands derived ПОШ е саа 
are lodged in the dermis. The upper part of the кт iur. оха 
into folds to form wavy dermal papillae. ere t Es blood 
to hold together, protect and support the bo y i o deu 
to the surface. In most mammals there 15 tb te i it serves as 
adipose tissue or fat, lying in the lower part of tbe dermis; it serves as 


a heat-insulating layer. 


о 
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Hair—Presence of hair on the body is one of the chief characteris- 
тасв tics of mammals. A hair develops as a 
thickening of the stratum germinativum of 
the epidermis; it is differentiated into two 
parts—the part which is deeply situated in 
the dermis is called the root, and the part 
that projects ont of the epidermis is called 
MEDULLA the shaft. Part of the shaft that lies in 
Fig. 413 T.S. of hair shaft. the dermis and the root of the hair is 


surrounded by cells forming a hair follicle which is an invagination of ` 


stratum Malpighii. The follicle lies above a small swelling of the dermis 
known as dermal or hair papilla. Fine blood capillaries bring nourish- 
ment into the papilla which diffuses into the root of hair, and new 
cells are formed which cause growth of the hair. A hair has a central 
medulla containing air, around the medulla is a pigmented cortex which 
is covered by a thin cuticle. Attached to the hair follicles are unstriped 
erector muscles which can raise the hair due to excessive cold or 
fear; this is independent of ordinary movement by the dermal muscles. 

The skin has two types of glands, sebaceous glands and sudorific 
glands. Opening into hair follicles are sebaceous glands; they are 
glandular outpushings of the wall of hair follicles, each consists of а 
few small branching sacs or alveoli, their oily secretion, the sebum, keeps 
the hair and skin greasy and water-proof. ` Sweat or sudorific glands are 
thin, long tubes, coiled at their lower ends; they are derived from the 
stratum germinativum, they sink deep into the dermis. Each gland 
opens on the surface of the skin by a duct, their secretion is sweat 
which is a watery solution with a saltish taste. Sweat glands play an 
important role in the regulation of body temperature. When the 
body temperature rises too rapidly, the sweat glands are stimulated to 
take up water from blood vessels and to pour out their secretion on 
the surface of the skin. Evaporation of sweat from the surface of skin 
uses up latent heat of vaporisation from the skin, thus the extra heat 
of the body is used up and the body cools down. Sweat glands also 
remove some salts from the body. 

Mammary glands—Mammary glands are characteristic of mam- 
mals. They are modified sebaceous glands and are in the form of 
compound alveolar glands. Their ducts аге” concentrated in the 
thoracic and abdominal regions. The ducts of mammary glands 


open into raised teats or nipples. In females, the glands secrete milk 
for the nourishment of the young after birth. 


à 4 
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Perinaeal glands—Under the skin and close to the anus are 
perinaeal glands or scent glands opening into hairless depressions 
called perinaeal pouches. The secretion of perinaeal glands has a 
strong smell characteristic of rabbit. Perinaeal glands are generally 
modified sebaceous glands. 

Meibomian glands—They are formed on the margin of eyelids 
just inside the eyelashes. They are modified sebaceous glands with 
long ducts into which several alveoli open, and secrete an oily subs- 
tance for lubricating the eyeball. 

Horny derivatives of skin—Structures such as claws, nails, horns 
and hooves are derivatives of the epidermis and are made of keratin 
produced by the epidermis. The tips of the digits of rabbit are 
covered with hardened claws of keratin. 

Functions of the Vertebrate Integument ) 

1. The integument helps to maintain a characteristic shape of an 
animal. 

2. Being the outermost boundary of the body it serves the function 
of protection from mechanical injury, it prevents entry of bacteria, 
undue evaporation of water and excessive exposure to sunlight. 

3. It stores reserve food—Fats are stored in the liver and mus- 
cles, but considerably large amounts of fats are stored in the form of 
sub-dermal fat in the skin. In whales such a fatty layer (blubber) is 
several centimetres thick. 

4. Weat conservation—Hairs tend to trap a layer of air which 
insulates the body, reducing heat exchanges with the environment. In 
some mammals, such as sheep and rabbits, air-retaining capacity is ~ 
increased by the hairs sticking together to make a pelt. Sub-dermal 
fat also prevents loss of body heat. 

5. Heat loss—Heat is lost from the body when an extra amount 
is produced, such as after great muscular activity; this heat is elimi- 
nated by evaporation of sweat produced by sweat glands and the body 
cools down. The sweat glands of dog are not thermoregulatory. 
Dogs cool themselves by panting and losing extra heat from their 
tongue surface. 

6. Integument as a sense organ—Besides nerve-endings in the 
epidermis, there are special tactile corpuscles in the dermis that receive 
stimuli of touch, pain, pressure and temperature. 

7. It serves to remove wastes—As a result of keratinization, horny 
dead cells are produced constantly. Shedding of corneal layer is a kind 
of excretion. Sweat glands remove some salts from the blood. 


е 
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8. Itis an organ of secretion—Mucous glands in aquatic verte- 
brates produce mucus. Preen glands in birds produce oil for water- 
proofing their feathers. Mammary glands produce milk, sebaceous 
glands produce an oily substance, the sebum, for water-proofing the 
hair and skin. 

9. It carries out cutaneous respiration—In nearly all amphibia 
and some fishes, such as goggle-eyed-fish (Periophthalamus) and eels, 
the moist skin with its rich blood supply plays an important role 
in the exchange of gases, but not in mammals. 

10. Integument forms structures that help in locomotion, for ins- 
tance, in bats the entire wing is formed by a flexible fold of skin. 
Similarly, the wings of flying lizards and fiying squirrels are simply 
folds of skin. Web of frog and duck with which they swim are 
merely folds of skin. 

11. It helps in sexual selection—Colours of the integument 
and various integumentary structures, such as comb of the cock, tail 
feathers of the peacock, brilliant colours of birds and odours of secre- 
tions of some glands serve to attract the opposite sex. 

12. It forms parts of the skeleton—The dermis gives rise to 
dermal bones of the skull, teeth; and also scales of fishes are derivatives 
of the integument. In some reptiles, it forms dermal bony plates. 

13. It produces enzymes—In the embryos of some fish and amphi- 
bians enzymes are produced by the skin called hatching enzymes 
which serve to dissolve the egg membranes prior to hatching. 


Questions 


What are the sequential transformations in the formation of 
keratin scales ? 


What will happen if sloughing of stratum corneum stops ? 


What do you think are the causes of falli 4 hair 
from the scalp of Man ? of falling and graying of 


Light pressure on the skin is forgotten s but a light cut with 
a safety razor blade is felt for a Jong ime Why ? ers 
What is the difference between skin and integument ? 
Graying of hair is due to : 

slow keratinization / effect of temperature / absence of pigment 


»in the cortex* [formation of a white pigment in the cortex. 
7. Areerector muscles striped or unstriped or both ? 


8. What parts of integument fulfil these functions ? 


Regulation of body heat, secretion, breathing, feeling and 
excretion. ' 


eN 
. 
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On a hot day а dog is seen panting in the shade and elephants fan 
their ears. Why ? 
Which animal / bird does not have fast colour ? (Turacos bird 
of Africa; the red porphyrin turacin pigment of the feathers is 
water-soluble and dissolves out in rain; its green colour turaco- 
virdin is fast.) 
Cutaneous respiration is carried on in— 
- frog* | eel* / whale / turtle/ water snakes / ducks/ tadpole of 
rog*. 
Mammary glands are modified— 

sweat glands/ sebaceous glands* / poison glands / oil glands. 
Which of the following are not possible ina mammal but possible 
in the frog ? 

colour change* / exchange of gases* / sensations / secretion of 
mucus* / response to atmospheric temperature* 
Which, of the following are characteristics of mammalian integu- 
ment 

epidermal scales / hair* / poison glands / thermoregulation* / 
pigment cells / adipose layer*/ cutaneous receptors [ nails.* 
The primary function of subcutaneous fat in mammals is : 
to provide a reserve store/to provide thermal insulation*/ to 
act as a cushion against shocks/ to provide contour to the body. 

(CPMT-1984) 

If a frog is kept in water for some time it sheds a thin covering 
of : cuboidal epithelium/ squamous epithelium*/ columnar epithe- 
lium/ ciliated epithelium. (CPMT-1986) 


^ 
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SKELETON 


| MOMENT 


Skeleton of rabbit, like that of any other vertebrate, is divisible into 
two parts: (1) an axial skeleton consisting of the vertebral column, 


skull and sternum; (2) an appendicular skeleton consisting of the 
girdles and limbs. 
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Fig. 414 Skeleton of Rabbit. 
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Vertebral Column 
Vertebral column extends from behind the head to the end of the 


tail; it is differentiated into the following five regions in which the 
vertebrae are modified due to terrestrial locomotion :— 


1. Cervical region consisting of 7 cervical vertebrae. 
2. Thoracic region  ,, » 12-13 thoracic vertebrae. 
3. Lumbar region  ,, нз 6-7 lumbar vertebrae. 
4. Sacral region > 3 4 sacral vertebrae. 
5. Caudal region 5 5 16 caudal vertebrae. 


In mammalian vertebrae, the following characters are seen :— 

1, Centra are flat on both surfaces, such centra are called amphi- 
platyan (— flat on both faces) or acoelous. 

2. Centra have small bony discs, the vertebral epiphyses, in front 
and behind. In the embryo, the epiphyses are separated from the 
centrum by thin epiphyseal cartilages, later the epiphyses become ossified 
and fused with the centrum and no trace of epiphyseal cartilage is left. 

3. Between two successive vertebrae, there are plates of fibrocar- 
tilage called intervertebral discs. The central portion of each of these 
discs, called nucleus pulposus, represents the remains of the notochord. 
The discs act as shock-absorbing cushions. 

Lumbar vertebrae—A lumbar vertebra, taken here as a typical 
vertebra, has a large stoutly built centrum from which arises the neural 
arch, the arch encloses a neural canal. Neural arch has a well-deve- 
loped dorsal, forwardly directed neural spine. Pre-zygapophyses have 
their articular surfaces facing upward and inward, post-zygapophy- 
ses have their articular surfaces facing downward and outward. 


с А 
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Fig. 415 Lumbar vertebra (front view). 
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‘Transverse processes are large, stout and directed forward and down- 
ward. Besides these processes, there are two pairs of additional bony 
processes called mammillary processes. The anterior pair of processes 


NEURAL SPINE 
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Fig. 416 Lumbar vertebra (side view). 


called metapophyses is above the pre-zygapophyses, they are large, flat 
and directed upwards; the posterior pair, called anapophyses below the 
post-zygapophyses, are small and directed downwards. The first two or 
three lumbar vertebrae have a small median process below the centrum 
called hypapophysis. In other lumbar vertebrae the hypapophysis 
is represented merely by a ridge. The various processes provide surfaces 
for attachment of strong muscles, which allow movements between 
lumbar vertebrae mainly in the sagittal plane, allowing arching OT 


straightening of the back and also some rotation. 


Thoracic vertebra—In each thoracic vertebra there is a well- 
developed centrum, a neural arch, pre- and post-zygapophyses and & 
long neural spine. Neural spines of the last four thoracic vertebrae 
are almost straight but in the remaining nine they are directed back- 
ward. Below the zygapophyses there are small cup-shaped notches, 
each notch, together with a similar notch of the vertebra in front oF 
behind, forms a small intervertebral foramen through which a spinal 
nerve.comes out. Ribs articulate with thoracic vertebrae. A rib is 
dichocephalous or double-headed, the upper head which articulates with 
the transverse process is termed the tuberculum or the tubercular head, 


the lower larger head articulates with the centrum and is calle 
capitulum or the capitular head. The transverse process has а smoo 


tubercular facet facing downward for the tuberculum of the rib. 


A similar con 
articulation 
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adjacent vertebrae. Thus, the capitular head of a rib articulates 
with the demifacet of its own vertebra and the demifacet of the 
vertebra in front. A rib, besides its double head, consists of a 


NEURAL SPINE 


TRANSVERSE ROCESS ус NEURAL ARCH 


USERCULAR FACET 


GAPITULAR 
OEMIFACET FOR 


CENTRUM 


NOTCH OF THE 
INTERVERTEBRAL 
FORAMEN 


1 
"YUB:RCULAR [£, 
HEAD i 


\ 
NV CAPITULAR HEAD 


Ne 


\ N, RIB 
NY c 
МУ 


Fig. 417 Thoracic vertebra and rib. 
A—Front view (with rib on one side). 
B—Lateral view (with position of rib). 


slender curved shaft divisible into a bony vertebral part continuous 
with the head of rib and a sternal or costal part made of cartilage 
and attached to the sternum. Sternal parts of the first seven ribs are 
connected to the sternum, but the sternal parts of the eighth and 
ninth ribs are joined to those of the seventh rib. Last three ог four 
thoracic ribs do not have sternal parts; consequently, they are not 
joined to the sternum, these ribs are called floating ribs. | 
Cervical vertebrae—A cervical vertebra from 3rd ) 7th has a 
small flattened centrum with a large neural arch. 7 к аге 
A. в.—36 
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Fig. 418 Cervical vertebra. 

well developed and have flat surfaces, allowing considerable move- 
ment in the sagittal plane and some movement of bending the head 
sideways. Neural spine is short and pointed backwards. Transverse 
processes are short. Each vertebra has a pair of very much reduced 
double-headed bony cervical ribs, the heads of the ribs are fused with 
the tubercular and capitular facets leaving a small passage on each 
side between the cervical rib and the centrum, this is called verte- 
brarterial canal; through this runs the vertebral artery. Transverse 
processes and the reduced ribs provide surfaces for attachment of 
neck muscles. Last cervical vertebra has a large neural spine and its 
centrum also carries a demifacet for articulation of the first thoracic rib. 

Atlas vertebra—Atlas consists of a large neural arch and a much 
reduced neural spine, there is practically no centrum; however, in the 
embryonic condition two centra are present, later on they fuse with the 
axis vertebra where one of them is known as the odontoid process. The 


large neural canalis divided into two parts by a transverse ligament— 
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Fig. 419 Atlas vertebra (postero-dorsal view). 
through the upper part of the neural canal passes the spinal cord, and 
into the lower part lies the odontoid process of the axis vertebra. On the 


anterior face of the atlas are two large concave occipital facets for агі-. 


culation with the occipital condyles of the head. This atlanto-occipital 
joint moves the head up and down, as in nodding. Large flat and 


> 
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à broad transverse processes (probably cervical ribs) of the atlas give 
a good leverage for the muscles that hold and rotate the head and 
neck. There are no zygapophyses, but a pair of articular facets on 
the posterior face of atlas provide articulation with the axis. Verte- 
brarterial canals or foramina transyersaria are present. 


Axis vertebra—Axis is specialized to cause lateral movements and 
rotating of the head on the vertebral column. The neural spine is 
NEURAL SPINE ridge-like and flat. The 
zm POSTzYGAPoPuysis anterior face of the ver- 
Sa tebra presents peculiarities, 

i there are no pre-zygapo- 
ARCH— X physes; in front of the 
зросте E TOS REYSA centrum is small bony peg- 
=>73>TRaNsverse like odontoid process which 
> оң ckRvicaL is the centrum of the atlas. 
CENTRUM = P? Odontoid process forms 


эцен: 
FOR ATLAS POS VERSARIA the atlanto-axial joint like 
Fig. 420 Axis vertebra (lateral view). a pivot, which allows the 


rotation of the atlas and skull on the axis. То facilitate this movement 
there are smooth articular surfaces on the anterior face of the axis, 
one on each side of the odontoid process, on which the atlas can slide. 
Transverse processes are small, neural spine is like a ridge and verte- 
brarterial canals (foramina transversaria) are present. There are two 
post-zygapophyses. CENTRUM 
Synsacrum—In rabbit four TRANSVERSE 
vertebrae (1 sacral and 3 caudals) ; ^ 
fuse to form the Synsacrum; of 
these only the first articulates with 
the ilium. All vertebrae of the 
Synsacrum have long neural spines 
and small tubercle-like projec- 
tions on the upper side represent 
zygapophyses. First vertebra has 
specially large, flat and stout 
transverse processes, formed by 
fusion of the transverse process 
and the rib; these have large 
surfaces for articulation with the Fig. 421 Sacrum of rabbit 


ilium bones, forming a strong but . . (dorsal view). dr 
slightly flexible sacro-iliac joint. The articular surfaces and ilium 
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bones are partly covered with cartilage and partly roughened for 
attachment of a strong ligament (interosseus sacro-iliac ligament). 
Four pairs of intervertebral foramina for spinal nerves are found on 
the ventral side of the sacrum. 

Caudal vertebrae—The anterior caudal vertebrae have well develop-- 
ed neural arches, neural spines and zygapophyses, but these parts 
become progressively reduced until the terminal vertebrae have only 
a centrum. Transverse processes are not present in tail vertebrae. 

Sternum—Sternum of rabbit lies along the mid-ventral line of the 
thorax and consists of five elongated bony pieces called sternebrae, 
which constitute the mesosternum or the ‘main body’ of the sternum. 
In front of the mesosternum is a single long bony piece called prester- 
num or manubrium articulating with the clavicles. The mesosternum 


з MANUBRIUM ба PRESTERNUM 


VERTEBRAL PART 
OF THE RIG 


STERNAL PART 
OF THE RIG 


XIPHISTERFNUNM 


XIPHOID CGRTILAGG 


3 Fig. 422 Sternum and ribs of rabbit (ventral view). 

articulates behind with a bony piece called metasternum or xiphisternum 
terminating in an expanded plate of cartilage, the xiphoid cartilage: 
First pair of ribs is joined to the manubrium, second pair at the 
junction of the manubrium and first sternebra, next five pairs of ribs 


are joined between the sternebrae. The remaining thoracic ribs do 
not reach the sternum. 
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Mammalian skull has certain important characteristic features:— 

l. On account of the large size of the brain, the skull has a posterior 
cranial part fairly well distinguished from the anterior facial part com- 
prising mainly the jaws, but in higher mammals, such as monkeys, 
apes and humans, the facial part lies below the cranial part. 

2. The number of bones is much reduced by loss or fusion, many 
of which are so intimately fused that the separating boundaries 
are marked only by thin sutures. 

3. Because of a long bony palate, the food passage is well separated 
from the respiratory passage and the internal nares are pushed far 
back into the pharynx. 

4. Squamosal, jugal and maxillary bones form a zygomatic arch оп 
each side of the skull. There are two occipital condyles. 

5.. Auditory capsules are formed by the union of three separate 
ossifications forming a single composite bone, the periotic, which 
encloses the internal ear. Applied against the periotic is another 
bone called tympanic, which usually forms a swollen tympanic bulla; 
bulla encloses the tympanic cavity and ear ossicles of the middle ear. 

6. Articular and quadrate elements of the jaws become separated, and 
they form two of the three ear ossicles in the middle ear, the 
articular becoming the malleus and quadrate the incus. 

7. Only a single bone, the dentary, constitutes the entire lower jaw 
or mandible on each side. 

8. Dentary articulates with the cranium by means of the squamosal =< 
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Fig. 423 Skull of rabbit (lateral view). 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


M ee Oe ae appo AS 


550 ANIMAL BIOLOGY 


The membrane bones do not overlie the cartilage bones but become 
joined to each other and their edges form sutures. 
SKULL OF RABBIT 

Skull of rabbit may be differentiated into two parts:— 

(a) A relatively large posterior cranial region to which auditory 
capsules are fused on the sides. (b) An anterior more or less conical 
facial region to which the olfactory capsules are fused. Just behind 
the junction of the two regions are the orbits. 

(a) Cranial region—Bones of the cranial region are grouped into 
three rings or segments—a posterior occipital segment, middle parietal 
segment and anterior frontal segment. 

(i) Occipital segment—It consists of four bones completely 
united with one another and bounding a large passage, the foramen 
magnum, through which spinal cord passes. Dorsally is a flat supra- 
occipital which has a pitted surface and is marked externally by a 
shield-shaped prominence. Ventral bone is a flat basioccipital On 
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Fig. 424 Sagittal section of the skull of rabbit. 


the sides is a pair of exoccipitals, each of which bears a prominent 
swelling called occipital condyle. The condyles articulate with the 
facets of the atlas vertebra. Lower part of each condyle is formed by 
the basioccipital. The lateral margins of the exoccipitals are pro- 
duced downwards into paroccipital processes or jugular process of 
occipitals which are closely applied over the tympanic bones of the 
auditory capsules. 

(ii) Parietal segment—It consists of five bones, a triangular ba- 
sisphenold below, an alisphenoid on either side and two parietals 
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above. Basisphenoid has a broad posterior end connected with the 
basioccipital by a thin plate of cartilage. Alisphenoids are wing-like . 
and firmly united with the basisphenoids. Externally, alisphenoids are 
largely concealed by the squamosals. Parietal bones are a pair of thin, 
slightly arched bones protecting the brain from above, and firmly uni- 
ted with each other by a suture along the middle line. Posteriorly — 
the parietals are separated from the supraoccipitals by an interparietal 
bone. 

(iii) Frontal segment—It consists of five bones, a presphenoid } 
below, two orbitosphenoids on the sides, and two frontals above. 


Presphenoid is a thin, small bone immediately in front of the basi- 
х gineisors 
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Fig. 425 Skull of rabbit (ventral view) 


i ioi : Presphenoid forms 
sphenoid and joined to the latter by a cartilage 

" lower Elton boundary of the optic foramen. Frontals are 
otecting the brain from the dorsal side; they are 


1 bones pr $ : 
Uim each tcr by a suture along the middle line. Frontals 
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extend on the sides and meet each other anteriorly. Dorsally, the 
lateral margin of each frontal forms a prominent ridge over the orbit, 
the ridge known as the supraorbital ridge of the frontal. Orbitosphe- 
noids are wing-like bones, slightly bulging outwards, and united with 
the presphenoid below and frontals above by sutures. 

Closing the cranial cavity in front is the ethmoid bone which is 
perforated by small holes, through which fibres of the olfactory 
nerves enter the cranial cavity; being riddled with holes, this bone is 
commonly called the cribriform plate. 

Auditory capsules—Closely fused with the sides of the cranial 
region are the auditory capsules. Each capsule develops from three 
separate ossifications, the prootic, the epiotic and the opisthotic which 
unite in the adult to form a composite bone called porietic. Periotic 
consists of two parts : (a) an internal hard bony petrous part (or 
petrosal) surrounding the internal ear or the membranous labyrinth; 
(b) a posterior mastoid part which is made of light and porous bone 
having air spaces; it is this part of the periotic which is visible exter- 
nally. Applied to the outer surface of the periotic is a tympanic bone 
in the form of a flask. The neck of the flask forms the upper tubular 

external auditory meatus, the bottom of the flask forms a swollen 
tympanic bulla enclosing the cavity of the middle ear. Inside the 
middle ear are three ear ossicles, the malleus, incus and stapes. At 
the junction of the upper tubular and the lower swollen part is a 
ring of cartilage that supports the tympanic membrane. 

Orbits—Orbits are situated on the sides of frontal segment of the 
С cranial region. Separating the two orbits is a median, bony inter- 
orbital septum. In the front wall of each orbit, fitting loosely be- 
tween the frontal and maxilla, is a small bone, the lachrymal, having 
a notch for a lachrymal or tear duct. 

(b) Facial region—Bones of the olfactory capsule and the jaws 
constitute the facial region of the skull. Rabbit has long narial 
passages, each of which is roofed above by nasal bones, laterally 
by premaxillae and maxillae (which are parts of the jaws), and 
below by the vomer. Vomer is a long slender bone and represents 
two fused vomers. The vomer supports a median vertical cartil- 
aginous internasal septum that separates the two narial passages 
from each other. Narial passages are separated from the cranial 
cavity by an ethmoid. Thin scroll-like bones known as turbinals project 
into the narial passages; these are extensions of nasals, maxillaries, and 
ethmoid bones; accordingly, these are distinguished into the three sets, 
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the nasoturbinals, maxillotarbinals and ethmoturbinals. Turbinals are 
covered with mucous membrane and serve to increase the surface area 
of the narial passages, also warm and clean the inspired air as it passes 
through the numerous folds of the turbinals. 

Upper jaw—The bones of the upper jaw are premaxillae and 
maxillae which constitute the major-part of the snout. Premaxillae 
are anterior bones and have sockets for incisors, posteriorly they are 
joined to the maxillae by sutures. Each premaxilla gives out a long 
nasal process backwards, passing between the nasal and maxilla to 
the frontal. A similar small palatine process of premaxilla passes 
backwards with its fellow of the opposite side. Maxillae are large 
bones with their outer surfaces fenestrated. Each maxil'a bears sockets 
| for cheek teeth.  Ventrally the maxillae give out flat palatine processes, 

these two palatine processes of the maxillae unite along the middle line 
| by a suture. From the posterior part of each maxilla arises a flat 
| process passing backwards and joining a similar forwardly directed 
process of the squamosal, the two forming a zygomatic arch. The 
| process of the maxilla is known as the zygomatic or jugal process. 
| Upper jaw has two more pairs of bones, the palatines and the 
| pterygoids. Palatines аге thin, nearly vertical, and internal to the 
| maxillae to which they are attached, behind they are fused with the 
| pterygoids, and in front, each palatine gives out an inner process which, 
with its fellow of the opposite side, forms a part of the support for 
the hard palate. Pterygeids аге small, irregular, bony plates behind 
the palatines and attached to the alisphenoids. 

Remaining part of the upper jaw is represented by the squamosals * 
of the parietal segment. Each squamosa! is fixed over the periotic and 
tympanic bones. From the posterior part it gives off the post-tympanic 
process applied over the periotic. A prominent zygomatic process arises 

| from the outer side of the squamosal and passes forwards to form a part 
| of the zygomatic arch. Оп the under surface of the zygomatic process 
lies smooth articular surface, the glenoid fossa, for articulation of the 
lower jaw. Zygomatic processes of the maxillae and squamosals are 
connected by an intermediate bone, the jugal, which in the adult 
loses its separate identity; the processes form a zygomatic arch. : / 
Lower jaw—Lower jaw or mandible consists of two rami united — 
in front at a mandibular symphysis and diverging behind like 
the arms of a V. Each ramus consists of a single bone, the den- 
(агу; it has a broad, shallow area for attachment of strong masse- 
ter muscles that move the jaw. It has sockets for teeth. Dentary 
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posterior cornua 2 | posterior cornua 2 
Note :—( i) Number against bones refer to their numbers. 


Comparison of Skull Bones of Rabbit and Frog 


Regions sami In Rabbit | In Frog 
1. Occipital | basioccipital 1 
| exoccipitals 2 | exoccipitals 2 
supraoccipital 1 
=) basisphenoid 1 
< 2. Parietal | alisphenoid 2 | ( neurocranium 
Z | parietals* 2F | | (cartilage) 
5 | inter-parietal* 1 } frontoparietals* 2 
О 3. Frontal presphenoid 1 | sphenethmoid 1 
| orbitosphenoids 2 | | parasphenoid* 1 
frontals* 2F | 5 
| ethmoid 1 | 
4. Auditory | prootics 2 А 
| epiotics 2 КЫ prootics 2 
a j opisthotics 2 
ы | | tympanics* 
ә | | ear ossicles 3 | ear ossicle 1 
C» | 5. Orbit | supraorbital ridges 
oer of frontals* 2 
m lachrymals* 2 
U | interorbital septum 1 
Z | 6. Olfactory vomers* 2 | vomers* 2 
Ba nasals* 2 | nasals* 2 
| ethmoturbinals 2 | septomaxillaries* 2 
nasoturbinals 
| maxilloturbinals 2 
| 7. Upper premaxillae* 2 | premaxillae* 2 
, | — jaw maxillae* 2 | maxillae* 2 
| | palatines* 2 | palatines* 2 
5 pterygoids* 2 | pterygoids* 2 
< squamosals 2 | squamosals* 2 
D | jugals (embryonic)*2 | quadratojugals* 2 
< | quadrate cartilages 2 
8. Lower | dentaries* 2 | dentaries* 2 
jaw Meckel’s cartilages 2 
| augulosplenials* 
2 mento-Meckelians 2 
9. Hyoid basihyal I | hyoid plate (basihyal 
A T (cartilage) 
9 anterior cornua 2 | anterior cornua 
T (cartilage) 


(ii) Bones marked with an asterisk (*) are investing bones, 


and the rest are replacing bones. 


F—fused. 
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CORONOID PROCESS: 
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Fig. 426 Mandibular ramus (dentary) of rabbit. 


articulates with the glenoid fossa of the squamosal by a smooth 
prominence, the condyle. In front of the condyle is a short blunt 
coronoid process. The posterior and lower border of the dentary is 
rounded and inflected in the form of an angular process. The 

lawer jaw moves from side to side and front to back. 

А Hyoid 
The hyoid of a rabbit is bony. Body of the hyoid is a median 
basihyal with which arti- 
TYMPANQHYAL culate two pairs of cornua, 
a long anterior cornua or 
styloid process made of a 
STYLOHYAL chain of four bones known 
EPIHYAL as  ceratohyal, еріһуа!, 
stylohyal, and  tympano- 
ERATOHYAL һуа]. Posterior cornua 
are smaller and each is 
made of a single thyro- 
BASIL AG hyal. Hyoid supports the 
Fig. 427 Hyoid of rabbit. tongue. 


Appendicular Skeleton 
The appendicular skeleton comprises the skeleton of the girdles 


and the limbs. . 

Pectoral Girdle—The pectoral girdle consists of two separate arches 
dorsal to the anterior thoracic ribs. Each half is in the form of a broad, 
more or less triangular bony plate called a coraco-scapula. It is made 


THYROHYAL 
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mainly of the scapula to which 
a reduced coracoid is fused. Cora- 


coid is represented by a small. 


inwardly directed coracoid process 
situated anteriorly.. A thin strip 
of cartilage along the broader 
margin ‘of the scapula is the 
suprascapula. Glenoid cavity lies 
behind the  coracoid process. 
Coraco-scapula on its outer side 
bears an acromial spine character- 
istic of mammals. The spine ends 
ventrally in an expanded knob, the 
acromion process which gives out 


a  backwardly directed meta- 


cromion process. The clavicle is 
reduced to a thin bone. At one 
end the clavicle is joined to the 
manubrium by means of connec- 
tive tissue fibres, and at the other 
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Fig. 428 Pectoral arch. 


end it articulates with the acromion process of the pectoral. arch. 
Thus there is almost no skeletal connection between the pectoral 


girdle and the sternum. 


Comparison of Pectrol Girdle of Rabbit and Frog 


Rabbit 
1. Two halves are widely apart. 


2. Each half occupies a position 
- high up on the thorax. 


3. Pectoral arch has almost no 
connection with the sternum 
except by a reduced clavicle. 


4. Each half consists mainly of | 4. 


a scapula to which a cora- ; 
coid is fused. 


5. Coracoid is reduced to а! 5. 


coracoid process. 


1. 


2. 


E 


Frog 


Two halves are united along 
the mid-ventral line. 

Main parts of the girdle are 
situated ventrally, only asmall 
part curves on to the back. 
Sternum is firmly connected 
with the girdle. 


All the elements of the girdle 
are well developed. 


Coracoid is well developed. 
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Rabbit Frog 

6. Suprascapula is reduced to | 6. Suprascapula is a large flat 

a cartilaginous strip. piece of bone with its outer 
edge of calcified and hyaline 
- cartilages. 

7. There are no precoracoids or | 7. Precoracoids, ^ epicoracoids, 
epicoracoids and paraglenoid paraglenoid cartilages and 
cartilages; the clavicle is clavicles are well developed. 
weakly developed. 


8. Each half has a character- | 8. There is no spine. 
istic acromial spine. 


Pelvic girdie—The pelvic girdle is stoutly built and strongly joined 
with the vertebral column, the two together form a ‘girder’ for the 
support of the whole body. For the strong musculature of the hip 
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Sid ioe THE 1ST SACRAL 
YUBEROSIT Y. VERTEBRA 

5 
CETABULUM 
COTYLO! (ENE 
Ic 
6YMPHYSIS 3 ISCHIUM 


- DE TOR FORAMEN 
Fig. 429 Pelvic girdle (ventral view). 


and the hind limbs there are extensive surfaces on the bones of the 


_ pelvic girdle. 
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Pelvic girdle consists of two halves or innominate bones. Each 

innominate bone consists of three parts, ilium, ischium and pubis, 
fused so intimately that the lines of fusion can hardly be traced. 
Tlium is a large and broad antero-dorsal bone, on its inner side is a 
large rough surface for articulation with the sacrum. Anterior and 
dorsal edge of the ilium is raised to form the iliac crest. Posteriorly, it 
takes part in the formation of an acetabulum cavity. Postero-dorsal 
part of the innominate is formed by the ischium bone. It is broad 
and slightly curved outwards where it projects into an ischial tuberosity. 
It also forms a part of the acetabulum. Ischium then curves round 
and becomes continuous with the pubis. The pubis is a comparatively 
narrow bone, and each joins with its fellow of the opposite side on the 
mid-ventral line to form a flexible pubic symphysis. At the symphysis 
is a thin strip of cartilage. Pubic bones do not take part in the forma- 
tion of the acetabulum, they are separated from the acetabulum by a 
small acetabular or cotyloid bone. Between the ischium and pubis 
is a big gap on either side of the pubic symphysis, this is the ischio- 
pubic foramen or obturator foramen, which in life is closed by an 
obturator membrane with muscles attached to it. 


Comparison of Pelvic Girdle of Rabbit and Frog 


eS ЕНИН 


Rabbit | Frog 


1. Each innominate is formed by | 1. Pelvic girdle is formed Бу 


three elements which are fusion of three bones, lines of 
completely fused leaving no fusion are visible. 
sutures. 

2. Two pubes form a symphysis, | 2. Two pubes, and two ischia 
ischia are never united. are joined to each other com- 

pletely. 

3. Acetabulum is formed by the | 3. Ilia, ischia, and pubes all take 
ilium, ischium, and cotyloid. part in the formation of the 

acetabulum. 

4. Pubes are bony, and between | 4. Pubes are of calcified cartilage, 
pubic and ischium bones is an there is no obturator foramen. 
obturator foramen. Pubes do Pubes contribute to the aceta- 
not contribute to the aceta- bulum. 
bulum. 


< 
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Fore limbs—In the fore limb, the bone of the upper arm is the 
humerus which is а long bone. The proximal end is broad and has a 
smooth head for articulation in the glenoid cavity of the pectoral arch. 


A 
SUPRA OLECRANON 
YROCHLEAR ECRAN 
FORAMEN 
ROCHLEA 


Fig. 430 Humerus of rabbit. 
A—Front view. B—Side view. 


On either side of the head is a process or tuberosity. Immediately in 
front of the tuberosities is the bicipital groove for muscles. On the 
outer face of the humerus is a deltoid ridge where deltoid muscles are 
fixed. At the lower end the humerus is expanded into epicondyles, 
between which is a deep groove called olecranon fossa, the fossa is 
perforated by a supra-trochlear foramen for the passage of brachial 
artery. On the outer face of the lower end is a pulley-like trochlea 
for articulation with the ulna bone. Trochlea allows only forward 
and backward movements of the fore arm. 

Bones in the fore arm are radius and ulna, although separate bones, 
they cannot move over one another. This condition of the radius 
and ulna keeps the palm of the hand always in the prone position, 
i.e., touching the ground. It cannot be rotated to the supine posi- 
tion asin man. Ulna is the larger bone on the post-axial (outer) side, 
and at its proximal end it is produced into a flat olecranon process 
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forming the protruding elbow. - Radius, the inner or pre-axial bone, 
is smaller than the ulna, the two bones arch forward. At the proximal 
end of the radius are two small depressions and a facet, the sigmoid 
notch, for the trochlea of the humerus. Distally, the two bones arti- 
culate with the wrist bones. 


Fig. 481 Radius and ulna. Fig. 432 Skeleton of hand. 


Skeleton of the hand or manus consists of carpals, metacarpals, 
and phalanges. There are two rows of carpals, a proximal row of 
three carpals, the radiale and intermedium, articulating with the 
radius, and an ulnare articulating with the ulna. Distal row has 
five distalia of which fourth and fifth are fused together. Between 
the two rows of carpals is a centrale. Palm consists of five long 
mefacarpals, to which five digits are attached. The first digit 
or pollex has only two phalanges, remaining digits have tbree 
phalanges each. Terminal or the ungual phalanx of each digit bears 
a horny claw. 
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A small sesamoid bone (an ossification of a tendon of a muscle) 
called pisiform is attached to the ulna and ulnare. 

Hind limbs—The thigh bone or femur is long with a flattened proxi- 
mal end, which has a smooth rounded head towards the inner side for 
articulation with acetabulum cavity of the pelvic girdle. At the upper 
end the femur bears three large trochanters for attachment of muscles. 
They are : a lesser or second trochanter below the head, above the head 


ИД 
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Fig. 494  Tibio-fibula. 


Fig. 433 Femur. 


i ich is a third trochanter. The 
15 ter or first trochanter below which isat i 

ibaa end of the femur is expanded into a pair of condyles, each 
is rounded for articulation with the tibia. The middle part of the 


` bone called shaft is made of a tube of compact bone. There is a small 


bone, the patella or knee-cap, which slides between the condyles of 


the femur at the knee-joint. Patella is a sesamoid bone. A, pair 


of smaller bones, the fabellae, are present on the opposite side of the 


knee-joint. 
Shank consists of two | 
called tibio-fibula. Tibia 1 
A. B.—37 


long bones, the tibia and fibula together 
s the inner bone and js much better 
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developed than the fibula; it articulates with the condyles of the 
femur by two facets, and with the ankle at the other end. At the 
proximal end along the mesial side (dorsal) of the tibia is a ridge, 


- the cnemial crest, for the attachment of muscles. Fibula, the outer 


bone, is reduced and distally it is fused with the tibia but is separate 
proximally. 

Foot or pes consists of tarsals, metatarsals and phalanges. There 
are only four toes, the first is absent. Tarsals or ankle bones are six, 
and are arranged in three rows. Proximal row has two tarsals, a 
tibiale or astragalus towards the tibial side (inner), and a fibulare or 


calcancal process or 
hee] bone 


ealcaneum C astragalus or tibulare 


tv Ш 


Fig. 435 Skeleton of the foot. 


calcaneum towards the fibular side (outer). Astragalus probably 
represents the tibiale plus intermedium and has a pulley-like surface 
for articulation with tibia. Calcaneum or heel bone is produced back- 
wards into a heel or calcaneal process. The middle row has a single 
bone, the centrale. The distal row has three bones. The first of these 
represents the 2nd distal tarsal to which the first toe (really the second) 
is attached. The second represents the 3rd tarsal and the third bone 
is a fusion of 4th and 5th distal tarsals. 
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Sole of the foot has four long metatarsals to which digits (toes) are 
attached. There are only four digits, each having three phalanges, 
the last phalanx being provided with a claw in each digit. The first 
toe or hallux is absent. 


Comparison of Limb Bones of Rabbit and Frog 
FORE LIMB 


Rabbit 


Partof Limb; Bone Frog 


small bone with a 
head but no groove, 
distal end bears a 
ball or capitulum. 
There is no fossa 
or foramen. 


long bone with a 
! head and bicipital 
| groove at proximal 
| end, pulley - like 
. trochlea, olecranon 
fossa апа  supra- 
trochlear foramen 
‘at the distal end. 


| these are separate 


]. Upper arm| humerus 


radius and ulna 


2. Fore arm radius 


3. Hand 


and ulna 


carpals 
(i) wrist 


(ii) palm| meta- 
carpals 


(iii) digits| phalanges 


bones but united 
by ligaments, ulna 
bears a long ole- 
cranon process and 
a sigmoid notch, 
radius is smaller. 


proximal carpals 3, 
centrale 1, and dis- 
carpals 5, out 
| of which 4th and 
| 5th fused into опе. 


| 


five metacarpals, 
first is small. 


five digits having 2, 
3, 3, 3, 3 phalanges 
ending in claws. 


are fused to form 
a radio-ulna bone, 
olecranon process 
of the ulna is small. 


proximal carpals 3, 
out of which ulnare 
and intermedium 
fused into one, cen- 
trale 1, distal car- 
pals 5, out of which 
2nd, 3rd and 4th 
fused into one. 
five — metacarpals, 
first is very much 
reduced. i 
digits have 0, 2, 2, 
3,3 phalanges. 
There are no claws. 


Cee eee EUREN 
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Part of Limb) Bone 
1. Thigh femur 
} 
| 
| 
| 
| 
2. Shank tibia and 
fibula : 
3: Foot tarsals ' 
(0) ankle 
| 
| 
| 
(ii) sole | meta- 


.. | tarsals 
(iif) digits | phalanges 


1. "Under which category 


skeleton ? 


CE 


ANIMAL BIOLOGY 
HIND LIMB : 
Rabbit 


long bone with a 


broad proximal end 


produced into а 
head апа three 
trochanters, distal 
end bears a double 
condyle. 

tibia is the chief 
bone, fibula small 


and fused with 
tibia at its distal 
end, only tibia 
takes part in knee 
and ankle joints, 
and it has a cne- 
mial crest. 

proximal row of 3, 
out of which astra- 
galus and interme- 
dium fused into 
one, fibulare of 
calcaneum forms 
the heel, centrale 1, 
distal tarsals 4, 
fourth and fifth 
fused into one. 
four only. 


digits have 3, 3, 3, 
3 phalanges, end- 
ing in claws. 
Questions 


long bone with a 


rounded proximal 
head, expanded 
distal end, no tro- 
chanters or condy- 
les. 


tibia and fibula are 
fused along their 
entire lengths form- 
ing a tibio-fibula. 
Both take part in 
the knee and ankle 
joints. 


proximal row of 2, 


long astragalus and 
calcaneum fused 
at both ends and 
free in the middle, 
centrale 1, distal 
tarsals 5, out of 
which 2nd, 3rd and 
4th fuse into one. 


five. 
digits have 2, 2, 3, 


4, 3 phalanges, no 
claws. 


"sternebrae' come : axial or appendicular 


2. How many lumbar vertebrae are there i it ? ibe а 
NOE TUBE vertebra: erc in rabbit ? Describe 


3. Which vertebrae'of rabbit have additional zygapophyses ? 
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4. Emmer, уне, differences between the. skeleton of foot of a 
5. Which bone of rabbit has a sigmoid notch ? 
6. What is the morphology of heel bone ? 
7. What is ‘nucleus pulposus’ ? Of what material are the interver- 
ерга] discs made ? 
8. Which yortebrao have ‘demifacets’ ? Explain the rib attachments 
o demifacets. 
9. What is meant by ‘double-headed ribs’ ? 
10. In what way are the first two neck vertebrae different from the 
fourth neck vertebra ? 
11. How is it that atlas is acentrous and axis is bicentrous ? 
12. How can you identify the skull of a rabbit from that of a bird 
without going into much details ? 
13. Name the constituent bones of the zygomatic arch of rabbit. 
14. Which bones constitute the ‘otic’ region of rabbit ? 
15. Name the skeletal elements in the lower jaw of rabbit. 
16. In frog ‘quadrate’ is a part of jaw, in rabbit it is not included 
in the jaw, yet it is present. Explain. 
17. Malleus is said to have been derived from articular of lower jaw. 
Give such derivations of other ear ossicles. 
18. What purpose does the spine of the pectoral arch serve ? 
19. What is ‘cotyloid’ bone ? 
20. Which bone of rabbit has а pulley-like ending ? 
21. Draw labelled diagrams of the first three vertebrae of rabbit 
J behind the skull. . 
22. Total number of bones in Man із: 306/603/206* 620/260. 
, es are divided like this : 
= ae ae "il 36/280/48: hyoid 1*/2/3; vertebral column 26*/46 
/36; sternum and ribs 45/25*/35; fore limbs and girdles 74/84/64*, 
hind limbs and girdles oe ee [18 pairs of ribs in man, of 
i i 178, э 
м Thich the at | єт А a Iris reaching the sternum, Dex 
4/3*/5 are false ribs joined to the last true abe: and rest 2*/3/4 
are floating ribs not reaching Ше dee зы oe Mie 
: i rabbit. 1 
к гше чы лаан M 
sacral ve з 
38. аро ааа e p into 1*/2/3 vertebra*/vertebrae. 
27. Differentiate between the mandibular ramus of a frog and of a 
rabbit. 
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28. 


29. 


30. 


31. 
32. 


33. 


ANIMAL BIOLOGY 


Which particular part of the skin prevents excessive sunlight 
from entering the body of man ? 

dermis / horny layer / Malpighian layer* | fatty layer. 
Vertebra in which centrun is concave at both ends : 

9th of frog/ 8th of frog*; cervical of rabbit/ typical of frog. 


(CPMT-1985) 
Which bone is not concerned with providing skeletal support : 
patella/ malleus*/ turbinals/ carpals. (CPMT-1985) 


A Y-shaped bone is : 
squamosal/ palatine/ quadratojugal/ pterygoid*. (CPMT-1986) 


Smallest bone in rabbits’ body is: 

patella/ stapes*/ atlas/ floating rib. (CPMT-1984) 
Skull of rabbit is dicondylic*/ monocondylic/ tricondylic/ tetra- 
condylic. (CPMT-1988) 


- 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


CHAPTER 3 O 


COELOM, VISCERA & BUCCO- 
PHARYNGEAL CAVITY 


Coelom—The rabbit has a coelom in the form of a perivisceral 
cavity containing various organs collectively called viscera. A 
muscular, transverse diaphragm, convex and dome-shaped anteriorly, 


HEART 


l 
| 
| 
i 


J—TRANSVERSE 


anpoMiNAL, ES 
GAVITY cd 


Fig. 436 Coelomic cavities in mammals. 


divides the perivisceral cavity into a thoracic cavity in front and an 
abdominal or peritoneal cavity behind. The thoracic cavity is further 
divided into a pericardial cavity containing the heart, and two pleural 
cavities, each containing a lung, the lungs lie above and on the 
sides of the heart. The peritoneal cavity is large and contains the 
temaining viscera. Thus the coelom has four compartments; this 
arrangement greatly increases the efficiency of lungs. 
The entire coclom has an outer parietal epithelium and an inner 
visceral epithelium, the visceral epithelium covers and encloses the 


е 
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organs of the coclom. The coelomic membranes of pleural cavities 
are called pleurae. The pleura is a glistening membrane and during 
life when lungs are distended, the visceral and parietal pleurae are 
closely applied to each other so that the pleural cavities are practi- 
cally obliterated. 

In the pericardial cavity, the outer parietal membrane is a trans- 
parent pericardium, and the inner membrane is the epicardium 


DORSAL BODY WALL 


THORACIC VERTEBRA 


NERVE CORD 
MEDIASTINAL SPACE 


OESOPHAGUS 
VISCERAL PLEURA 
I-LEFT PLEURAL CAVITY 
POST CAVAL VEIN 


-PARIETAL PLEURA 
MEDIASTINAL SPACE 
LEFT LOBE OF LUNG 
RIGHT VENTRICLE 


LEFT VENTRICLE 
PERICARDIUM 
PERICARDIAL CAVITY 


Fig. 497 T.S. of thorax of rabbit to show the pleural and 
mediastinal spaces. 


which is closely applied to the heart. The membranes of the perito- 
neal cavity are parietal and visceral peritoneum. The peritoneum 
is reflected from the dorsal body wall to form a double-layered 
mesentery which holds the alimentary canal in the peritoneal cavity. 
The peritoneum, extending backwards from the stomach, is the omen- 
tam which is loaded with fat. 

The pleural Cavities are separated from each other by a mediastinal 
cavity which contains the trachea and the oesophagus. The visceral 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


R 


лаа 


beth. 


COELOM AND VISCERA 569 


š pleurae of two sides are closely applied in the ventral part below the 
| pericardium to form a median mediastinal septum. 

Abdominal viscera—Leaving the heart, lungs, oesophagus and a 
long trachea in the thoracic cavity, the abdominal cavity has a dark 
brown five-lobed liver and a gall bladder lies in one of the lobes of the 
liver. Partly below the liver is a transversely elongated bag-like 
stomach which is continued into a long, coiled intestine. In the U 
formed by the duodenum lies a pinkish pancreas. An elongated, dark 
red spleen lies close to the stomach, attached to its lower side. Attached 

| to the dorsal wall of the abdominal cavity are two bean-shaped 
kidneys, the right kidney is about 2:5 cm anterior to the left one. 


TR 
VERMIFORM 


прно 


“BLADDER * 


Fig. 198 Coclom and viscera of a male rabbit. 
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Ureters lead from the kidneys to join a thin-walled urinary bladder. 
In front of each kidney is a small, round, yellow-coloured adrenal 
gland. In a female rabbit is a pair of small, oval ovaries lying behind 
the kidneys. Two convoluted oviducts arise behind the ovaries and 
each dilates into a uterus, the two uteri unite to form a vagina. The 
neck of the urinary bladder joins the vagina to form a urogenital canal 
or vestibule which opens at the vulva. In a male rabbit the two ovoid 
testes lie in two pouches of the integument known as scrotal sacs, 
lying outside the abdominal cavity. The cavity of scrotal sacs is a 
part of the coelom, and each scrotal sac cavity communicates with the 
abdominal cavity by an inguinal canal. The neck of the urinary 
bladder joins the male ducts and is then known as a urogenital canal 
or urethra which passes through the penis and opens on top of it. 
Bucco-pharyngeal cavity—An anterior mouth is bounded by 
mobile and muscular lips and the mouth cavity is a large space between 
the jaws. The upper lip is cleft in the middle exposing the teeth, 
through the cleft the skin is continued inwards, this part of the skin 
has labial glands which produce mucus. The roof of the bucco- 


TURBINAL BONES 


Usp otra 171 d 
ч; Io 380 x] FANY у M ate 
ee а i F 1 
HARD PALATE Goi ; 
6PIGLOTTIS Y s ANE 
X eas: UY 


Fig. 439 Diagram of the vertical section of the head of rabbit showing 
alimentary and respiratory passages. 
pharyngeal cavity is called palate, its anterior part is a hard palate 
supported by the maxillae, premaxillae and palatine bones and its 
mucous membrane forms a series of transverse ridges called palatine 
rugae. Posterior to hard palate is the soft palate. It is soft because 
no skeletal part supports it and it has mucous glands that make it 
slippery and fleshy. Above the palate is a respiratory or narial passage 
which is divided by a nasal septum into two parts above the hard palate, 
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but above the soft palate the narial passage is single. The palate and 
narial passage push the internal nares far back into the pharnyx. 
The separation of the mouth cavity from the narial passage by the 


* TURBINALS 
MAXILLA 
PALATINE 
FRONTAL 
ОЕ T PALATE 


А Ра 
Sp X PARIETAL 


SY! 

z Cao ГЕ 

SIN SER), CC 

2, » [Б АЛЕК Г. 
ш = 
PREMAXILLA 4Y 22777 Ly 


Wer 
OENTARY 


VERTEBRAE 


TONGUE ых \ - ^ ттт 

SUBLINGUAL GLAND 

Fig. 440 L V. S. of the head of rabbit. 

(Parts of the brain and some bones of the skull are not labelled.) у 
palate enables mammals to retain their food in the mouth for chewing, 
and to breathe at the same time. The anterior part of the hard palate 
has a pair of openings of naso-palatine ducts which lead into nasal or 
olfactory cavities. The naso-palatine ducts connect with Jacobson’s 
organs which smell and help recognizing the food when it is in the mouth. 

On the floor of the mouth is the tongue. Below the tongue a median 
fold called frenum joins the tongue to the floor of the mouth for 
some distance, anteriorly the tongue is free. The tongue is highly 
muscular and can be moved in various directions. It helps in manipu- 
lating food and to mix it with saliva; its upper surface has three kinds 
of papillae which bear taste-buds, they are numerous mushroom-shaped 
fungiform papillae, a few broad leaf-like foliate papillae (they are absent 
in man), and a few large-sized circumvallate papillae. Besides these, 
the tongue has small conical filiform papillae which have no taste-buds, 


i i ke up the greater part of the surface of the tongue. 
Boos бшм ыр pharynx. There is no line of demarcation 


i but embryologically the 
bet buccal cavity and pharynx, 
T cs with ectoderm and the latter with endoderm. ш 
Ше рһагупх ореп pharyngo-tympanic or Eustachian км se 
communicate with the middle ear. Near the шдет bord r, at the 
sides of the soft palate, are two tonsils as smat piis. e pharynx 
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'FOLIATE 
PAPILLAE 


FULIFORM 
PAPILLAE 


FUNGIFORM 
PAPILLAE 


Fig. 441 Tongue of rabbit. 


has an upper nasal part 
and a lower buccal part, 
they merge into a single 
"space behind the soft 
palate, but posteriorly the 
pharynx leads into a dor- 
sal gullet or oesophagus 
and a ventral . glottis. 
Thus the passages of food 
and air cross each other 
in the pharynx. Above 
the glottis is a lid-like 
epiglottis of elastic car- 
аре. When the animal 
swallows food, the soft 


palate rises up and closes the internal nares; simultaneously, the epi- 
glottis and hyoid muscles close the glottis, so that the food passes 


only into the oesophagus. 


Salivary glands—There are many small mucous glands located 
on the palate and the tongue, besides which there are three pairs of 
salivary glands in the rabbit whose ducts open into the mouth cavity. 
Parotid glands lie at the bases of pinnae, their ducts open behind the 


LACRIMAL OR TEAR GLANDS 


HARDERIAN GLAND 


PINNA 


PAROTID GLAND 


ZYGOMATIC 
GLANO 


CHEEK TEETH 


Fig. 442 Glands in the head of a mammal. 
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upper incisors; sublingual glands (fig. 440) lie below the tongue, their 
short ducts open below the free part of the tongue. Zygomatic glands 
lie near the angles of the jaws, their ducts open near the upper 
molars. The submandibular (or submaxillary) salivary glands found 
in most mammals are absent in rabbit. The salivary glands secrete 
watery saliva which contains mucilaginous mucin and enzyme salivary 
amylase or ptyalin. The amount of mucin and р?уаіп produced 
varies in different glands. Salivary glands are stimulated to pro- . 
duce their secretion by reflex actions caused by the presence of 
food in the mouth or near it, by smell, by sight, by taste or even . 
by thought of food. 

Teeth—Both jaws of mammals bear teeth on premaxillae, maxillae 
of upper jaw and dentaries of lower jaw. Teeth are thecodont or 
fixed firmly into the sockets in the jaw bones. In lower vertebrates 
the teeth are replaced continuously, the old worn out ones falling out 
and their places being taken by new ones throughout life, this 
condition is called polyphyodonty, but in most mammals, this con- 
dition is reduced to a diphyodont state in which there are only two 
definite sets of teeth, a milk or deciduous set in the young animals 
and a permanent set in the adult. The teeth are of various shapes 

DIASTEMA 


UFPER JAW 


PREMOLARS MOLARS 


БЫ 


LOWER JAW 
PREMOLARS 


Fig. 443 Teeth of rabbit. RAT 
lature of heterodont teeth 1s 
and are called heterodont. The nomenc 
based on the bones which bear шер Меш. ые fou clon 
t called incisors, canines, р х { c 
Mate bebo shape and function, their number is definite 
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and fixed in each species. The incisors or ‘cutting and biting’ teeth 
are borne on the premaxillae of upper jaw and in a corresponding 
position on the dentary of lower jaw. Behind the incisors each half 
of the two jaws has a single 

ENAMEL canine tooth which, in the upper 
crown jaw, is always the first tooth on 
maxilla. Canines are always 
pointed and stabbing teeth. 
NECK Next to canines are premolars 
having a complex surface and two 
roots, they are borne on the 
maxillae of upper jaw and 
dentaries of lower jaw. Lastly 
come the molars with complex 
х Fpatterns on the crown-surfaces 

Mur. and with two or more roots. The 
Eig 34h) Typical teeth. molars differ from other teeth in 
baving no deciduous predecessors, ie. there are no molars in the 
milk-set, molars form only in later life. The premolars and molars 
are called check teeth and are used for crushing and grinding. 

Teeth of rabbit—The rabbit has a dentition for gnawing and 
chewing vegetable matter. Each half of the upper jaw has two sharp 
chisel-shaped incisors, of which the larger one lies in front and a 
smaller one behind. Each half of the lower jaw has a single incisor 
tooth. The incisors keep growing as they are worn out by use. There 
are no canine teeth so that a large natural gap called diastema is left 
between the incisor and cheek tecth. The premolars and molars 
are alike, with broad crowns having sharp transverse ridges, teeth 
with such crown-surfaces are called lophodont, Each half of the upper 
jaw has three premolars and three molars, while each half of the 
lower jaw has two premolars and three molars. 

The dentition or the number of each type of tooth of a mammal 
is expressed by a dental formula which is written as a fraction; the 


nar: 
vA, 


incisors, canines, premolars and molars of one half of the upper jaw 


are written above a line and the different teeth of one half of the lower 
jaw are written below the line, the whole is multiplied by two and then 
the total number of teeth is given. Thus the dental formula of rabbit is : 


3 3 
i= о-у» P> m=) x2—28 


or, briefly, it is ao 14x2= 28. 
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The maximum number of heterodont teeth in a mammal is 44, 
but there is generally a reduction in this number. Dental formulae 
of some common mammals are :— 


31433 Á— х 2120 
Horse .. — 313^ 44 Man (milk set) 2120 ^ 20. 
3142 2123 
Dog .. — 31437 42 Man (adult set) 2123 32. 
; 1023. 0033 
Squirrel... —- 0B” 22 Cow  .. 3133 


Structure of tooth—Teeth are formed partly from the epidermis 
and partly from the dermis, hence they are integumentary derivatives. 
A tooth can be divided into three parts, a crown which projects from 
| the jaw, a neck lying below the crown but above the jaw bone and 


——- 


ENAMEL 


LAYER OF 
ODONTOBLASTS 


PERIDONTAL 
‘MEMBRANE 


BLOOD SUPPLY 
Fig. 445 Structure of a tooth. (L. V. S.) 
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covered by a fleshy gum, and a root embedded in a socket or alveolus 
of the jaw bone. Between the root and the alveolus is an alveolar or 
peridontal membrane. It is really the periosteum of the jaw bone. 
The bulk of the tooth is formed of hard dentine or ivory which is 
permeated by many fine canals or canaliculi containing protoplasmic 
processes from odontoblasts or dentine-forming cells. Inside the dentine 
is a pulp cavity containing connective tissue, blood vessels and nerves, 
some of which also enter the dentine. The pulp cavity is lined by 
odontoblasts. The crown is covered by a white enamel, a substance 
harder than dentine and bone. The root of the tooth is firmly fixed 
into the socket by a bone-like substance called cement. The attachment 
of tooth to jaw bone is further strengthened by the gum. 
When teeth are fully formed, they cease to grow, but in special 
cases, as incisors of rodents and tusks of elephants, the odontoblasts 
remain functional throughout life and the teeth continue growing. 


Body Cavity and Mouth Cavity of Man 


In humans, the body cavity is divided horizontally into a thoracic 
cavity and an abdominal cavity by means of a muscular, dome-shaped 
diaphragm. Thoracic cavity, besides lodging the pericardial coelom 
and the heart, has the oesophagus passing through it and a pair of 
lungs as well. However, each lung is enclosed into a cavity of its 
own, called pleural cavity. The abdominal cavity contains the alimen- 
tary canal and its associated glands, urinary and reproductive systems. 
Only in male, the testes are placed outside the body cavity into a pair 
of scrotal sacs. These are covered with temperaturc-sensitive hairy 
and contractile skin. 

Mouth cavity—This is a part of the head and is supported by the 

- bones of the skull. It has cheeks forming its side walls, the tongue its 
floor, and the palates its roof. Most conspicuous structures in the 
mouth cavity are the teeth and the salivary glands. 

Skeletal voluntary muscle covered with mucous membrane composes 
the tongue. Several muscles that originate on the skull bones insert into 
the tongue. The rough elevations on the tongue-surface are called 
taste-papillae and contain microscopic taste-buds. Three kinds of 
papillae can be distinguished: filiform, fungiform and circumvallate. 
Filiform papillae are numerous thread-like structures over the anterior 
2/3rds of the tongue. Little knob-like structures most numerous 
near the мы с tongue are fungiform papillae. Circumvallate 
papillae fo адыцуенеа “Уа the posterior part of the tongue. 


ee 
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PALATINE 


^ TONSILS 


CIRCUMVALLATE. 
PAPILLAE 


ROWS OF FILIFORM 
| (CONICAL) PAPILLAE 


FUNSIFORM (RED) 
PAPILLAE 


APEX 
Fig. 446 ‘Tongue of man. 


Tongue is always kept moist by the Saliva. A fold of mucous 
membrane below the tongue attaches it to the floor of the mouth 
cavity; this fold is known as lingual frenum. Too short frenum affects 


the speech adversely. 


FOLJATE 


CIRCUMVALLATE FUNGIFORM 
‘PAPILLA 


"€ 
` 


Fig. 447 Location of taste-buds in different forms of taste papillae. 


i be felt to be distinctly 
Roof of the mouth cavity called palate e е felt 


We : e dnd a posterior soft palate. The 
divided into an anterior hard palate an es as 
hard palate is supported bythe palatine and л ry bones, һепс‹ 


A.B.—38 Э E 
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it is hard. The mucous membrane of the mouth cavity covering the 
hard palate is;raised into transverse;ridges, the rugae, which allow a 
firm grip on the food. Soft palate is without a skeletal support, its 
mucous covering is smooth and glandular and helps swallowing. 
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Fig. 448 Mouth cavity of man. 
Far back into the mouth cavity is a medi s- 
pended from the soft palate, it is called SPD E Р аон 
пуша rises up and blocks the internal nostrils, so that no food enters 
the nasal cavities. This also means that breathing is temporarily 
stopped during swallowing; breathing and swallowing cannot go 
together simultaneously. This also leads to the generalization that 
rate of breathing per minute is minimum during eating and swallow- 
ing. Mouth cavity leads into two separate systems, Through а 


During swallowing, 
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dorsal opening, the gullet, ti leads into alimentary canal, and through 
a ventral opening, the glottis, it leads into the breathing organs. In 
front of the glottis is an elastic and muscular flap, called epiglottis, 
which during swallowing is pushed flat over the glottis, so that no 
food enters the wind pipe. However, when accidentally something 
other than gaseous comes in between the epiglottis and glottis, a 
powerful coughing reflex expels it out and throws it back into the 
mouth cavity. 


CONCHAE 

SELLA TURCICA 
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0 — Ge ITUITARY GLAND) 


~ 
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Fig. 449 У. 5. head of man. 


Behind the tongue and in front of the gullet is the pharynx. 
This is also called the throat. Opening into the pharynx from the 
omal are tne төрін pa, sie led ыы 

x і air of openings on t | 
Plaryn ex e: Easachiam tubes. Pharyngeal a e | 
are located in the posterior wall of the pharynx opposite the internal 
nares. In а disease, the pharyngeal tonsils are enlarged, then they 
fill the space behind the internal nares, making it difficult or imp SCR 
for air to travel from the nose into the throat. When this happens, 
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the individual keeps his mouth open to breathe. A pair of tonsils 
are also placed below the tongue. 

Man has heterodont dentition. There are incisors, canines, pre- 
molars and molars. Teeth are naturally replaced once in the life 
of humans. The first set of teeth are called the baby set ог, milk set 


INCISOR 1 8—8 montita 


INCISOR SS E e 9-1? months 
CANINE- So - Sx 48—20 monio 


w 
PREMOLARI_ — (5 


5 e< 42-15 months 
PRE MOLAR m DECIDUOUS К months 
TEETH 


INCISOR 1 


PERMANENT TESTH 


Fig. 450 Succession of teeth. 


or deciduous teeth. The first deciduous tooth erupts usually at the age 
of six months. The rest follow at the rate of one or more a month 


until all the 20 have appeared; the milk set comprising 2X ( i 4 , 


1 2\. 
c+. p.m ) is complete by the second усаг. In the sixth year 


the first of the permanent teeth appears, a molar, behind the last of 
the milk premolars. Then between 6 and 12 years old all the milk 
teeth drop out and are replaced by permanent teeth. In the twelfth 
year a second molar is added and, finally, some time after the seven- 
teenth year, a third molar (wisdom tooth) appears. The adult set, 
therefore, contains 32 teeth :2x( i А el ,p.m 2 É m3 ) . 
Permanent teeth replace the milk teeth and begin to develop before 
the milk teeth actually fall off.^ .. . Ашы 


^ 
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Salivary glands—Three pairs of salivary glands open into the 
mouth cavity. (1) Parotid gland—It is located below and in front 
of the ear. Its duct opens on the inside of the cheek, opposite upper 
second molar tooth; the duct is called Stensen’s duct. (2) Submaxi- 
Шагу gland—It is located in the posterior part of the floor of mouth. 
Its duct opens on the floor of the mouth cavity at the sides of the 
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Fig. 451 Salivary glands of man. 


frenum and is known as Wharton’s duct. (3) Sublingual gland—It 
is located in the anterior part of the floor of mouth cavity below the 
tongue. Several ducts of this gland open into the floor of the mouth. 
The salivary glands produce saliva, a watery but viscous fluid 
that contains mucin and two hydrolytic enzymes, ptyalin and maltase, 


which act upon carbohydrates. Saliva is useful in several other 


ways. It keeps the mouth moist and aids speech. It cleanses the 


i d removes unwanted particles. \ 
аар acute virus infection of the parotid salivary glands 


characterized by swelling of the glands. It becomes difficult to open 


Uthe mouth and swallow. The mouth also falls short of saliva, 
Questions 
1. Enumerate the major differences between the body cavities of 
frog and rabbit. 
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Differentiate between : 
(a) inguinal canal and urogenital canal. 
(b) thecodonty and heterodonty. 
(c) milk teeth and permanent teeth. 
(d) taste-bud and taste-papilla. 
(e) soft palate and hard palate. 
Name the glands producing ptyalin, mucin, lysozyme. 
Which kind of taste-papillae are most numerous ? 
Where do the extremities of pharyngo-tympanic tubes open ? 
What goes wrong when water or food enters the glottis ? 
What prevents food from entering nasal passage during swallow- 
ing 
Write your own present dental formula. 
What is symptomatic of enlarged tonsils ? 
What is symptomatic of mumps ? 
Which is the correct dental formula of an adult man: 
3142, 2123*, 1023, 2233 
3e! 2p | inl am 
Which kind of teeth are missing in the deciduous set of man : 
Incisors / molars*/ canines / premolars. 
Uvula is а part of nostril/soft palate*/tongue/throat. 
Tongue tastes bitter by means of— : 
foliate / circumvallate* / fungiform papillae. 
Pulp cavity of a tooth contains— 
food / blood / mass of capillaries* | odontoblasts. 
Cells secreting dentine are called— 
osteoblasts [ calcoblasts | chondriocytes | odontoblasts*. 
A natural gap between teeth is known as : 
diastema* / sarcolemma / carcinóma ] socket. 
The tooth preceding the first premolar in the upper jaw of rabbit 
canine / molar / incisor* / carnasial. 
What actions cannot go together ? 
eating and talki i ing* i 
н d EE eee ава breathing* / eating and 
Jacobson’s organ supplement— 
"tasting / feeling / smelling* / hearing / balancing air pressure. 
Variety of teeth missing in a child of four years is— 
incisor / canine / molar* / premolar. . 


| попе. 


* 
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DIGESTIVE SYSTEM 


Alimentary canal—The rabbit is a herbivore. Asa rule, herbivorous 
animals have a longer alimentary canal than the carnivorous animals 


because vegetable food is usually more complex than the animal matter 
j OESOPHAGUS 
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and needs a more complex treatment in the alimentary canal. The 
buccopharyngeal cavity of rabbit leads through the gullet into an 

' : oesophagus which, because of a 
neck and a thorax, is a long, 
narrow, but  distensible tube. 
Oesophagus differs from the rest 
of the alimentary canal in three 
ways; firstly, it has no visceral 
peritoneum because it lies outside i 
the coelom in the mediastinal | 
space (Fig. 437), its outer covering 


5 | OESOBHAGEAL GLANDS is called tunica adventitia. Оеѕо- 
CARDIAC GLANDS phagus has no digestive glands | 
: but it has mucus-secreting goblet 
pun DICTANDO, cells. Secondly, its mucous mem- 
PYLORIC GLANDS brane consists of stratified squa- 
mous epithelial cells, some of | 
Fig. 453 Stomach of rabbit which are ciliated. Thirdly, it con- | 
showing distribution tains both voluntary and involun- 
of gastric glands. tary muscle fibres. Oesophagus 


; ed passes through the length of the 
neck and thoracic cavity, then it perforates the diaphragm to connect 
with the stomach. Stomach is a large curved sac behind the diaphragm 


*SUCOSA- Wiz tis Ñ | 
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Fig. 454 Т. S. of stomach (cardiac part). 
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and slightly towards the left in the peritoneal cavity. It may be diffe- 
rentiated into three parts, a broad cardiac part next to the oesophagus, 
a main fundic part or fundus and a narrower pyloric part that leads 
into the intestine. Opening of the oesophagus in the cardiac part is 
a muscular sphincter valve called cardiac valve or cardia. A similar 
pyloric sphincter or pylorus is present at the end of the pyloric part. 
The mucous membrane of the stomach is folded to form millions of 
deep gastric pits into the bases of which open the ducts of long tubular 
gastric glands. Gastric glands of the cardiac part, called cardiac glands, 
usually contain only mucus-secreting cells. The glands in the fundic 
part have three kinds of cells: (1) mucus-secreting cells, (2) zymogen 
or chief cells are pepsin-secreting cells and (3) oxyntic cells which 
produce hydrochloric acid. The hydrochloric acid is made by selective 
absorption of hydrogen ions and chloride ions from blood, which 
bathes the cells. The reaction is a reversal of the neutralization of 
NaHCO, with НСІ, and thus requires energy. 
H,CO,(blood)+-NaCl (blood) 7 HCl(gastric juice)+-NaHCO,(blood) 
After the ingestion of a heavy meat, a large amount of HCI is 
made by the parietal cells (oxyntic cells). This, in turn, increases the 
alkalinity of the’blood due to the formation of extra quantities of 


COLUMNAR CELLS 


OXYNTIC CELLA 


7ZYGOMEN CELt S 


«D N- FUNDIC РАН? 
CONNECTIVE У) d ш | ) 
TISSUE 


4 E SAIT | 
А “г IGASTRIO GLANDS 
BYUNDIG CART IN SECTION 


Fig. 455 T. S. through gastric glands of fundic part. 
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NaHCO, Kidneys excrete this extra alkalinity in the form of 
sodium and ammonium salts. This is referred to as the ‘alkaline 
tide’, and can often be observed as a cloudiness in the urine due 
to precipitation of the urinary phosphates. 

The pyloric glands produce mostly mucus. 

First part of the small intestine is duodenum which runs back- 
wards, then turns in front forming a U-shaped loop. In the loop of 
the duodenum lies a pancreas which is a pink, diffused organ, through 
which runs a pancreatic duct to open into the distal limb of 
the duodenum. Glands of the duodenum lie in the submucosa, 
they are branched glands called duodenal or Brunner's glands which 
produce mucus to protect the intestinal lining from acid. It also has 
crypts of Lieberkuhn or intestinal glands as deep pockets between villi. 
Duodenum passes into the second part of the small intestine, the ileam, 
which is 2:2 to 2:5 metres long. On the ileum are oval, granular and 
lymphoid Peyer’s patches occurring at intervals along the whole 

length, they are also found inside among the villi. 
Mucosa of the ileum is thrown into folds which form charac- 
мыз 4 
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teristic finger-like villi, between which are crypts of Lieberkubn, these 
are lined with columnar cells and goblet cells. The cells of the crypts 
of Lieberkuhn produce succus entericus or the intestinal juice in both 
duodenum and ileum. It may be noted that whereas Brunner’s glands 
are found only in the duodenum, the intestinal glands are found 
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both in the duodenum and ileum. Except for these glands, the 
duodenum is essentially like the remainder small intestine. In the 
mucosa of ileum are mucus-secreting glands. 

The distal end of ileum dilates to form a round sacculus 
rotundus which opens into the caecum. The sacculus rotundus has an 
ileocaecal valve by which the contents of the ileum are directed 
into the caecum before passing into the colon. The caecum is a 
thin-walled diverticulum about 50 cm long, it has pouch-like spiral 
constrictions, its internal lining forms a spiral valve. Distally, the 
caecum leads into a blindly-ending finger-like tube called vermi- 
form appendix which is about 10 cm long, it has thick walls and 
much lymphoid tissue. Inside the appendix, active phagocytosis of 
bacteria occurs by macrophages of the lymph. 

The large intestine proceeds from the caecum and is divisible 
into two parts, a proximal colon and a distal rectum. Colon, which 
is about 45 cm long, is characteristically constricted at regular inter- 
vals on either side of a muscular band or taeniae running along the 
middle line. Constrictions form a series of small pockets called 
haustra. The rectum is about 75 cm long and at intervals it has 
swellings which contain pellets of faeces, it finally opens outside by 
the anus. Wall of the large intestine differs from that of the small 
intestine in having no villi, but there are small folds containing glands 
of Lieberkuhn and many mucus-secreting goblet cells. 

Digestive Glands 

Besides the glands fouud in the wall of the alimentary canal, there 
are glands outside the alimentary canal that produce secretions essen- 
tial for digestion. These are the salivary glands, pancreas and the 
liver. Salivary glands have been described in the previous chapter. 

Pancreas—It is in the form of several branching tubes ending in 
blind secretory sacs or acini made of glandular cells (Fig. 91). Glandular 


ic j isti Between 
cells produce pancreatic juice consisting of several enzymes. 
the acini of pancreas lie several clusters of cells called islets of Langer- 
hans constituting an endocrine gland that produces a hormone called 
insulin which plays an important role in carbohydrate metabolism. 


-Liver—It is the biggest and most active gland of the body, it consists 


of five lobes of which three are on the left and two on the right side. 


lateral, a left central and a Spigelian lobe. 
Lett lobes ate a eal and a caudate lobe. Gall bladder lies 


tral lobe. A cystic duct from the gall 
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Fig. 457 Liver of rabbit. 
various lobes of the liver, thus forming a large common bile duct 
opening into the proximal part of the duodenum. 

Each lobe of the liver consists of a number of smaller units called 
lobules, which are polygonal columns. In some mammals, such as 
pigs, the lobules of liver are separated from one another by thin mem- 
branes or septa having connective tissue, they are known as Glisson’s 
capsules. Liver cells in the lobules are arranged as radial hepatic cords 
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between which are blood capillaries called sinusoids. Branches of the 
hepatic portal vein break up around the lobules to form interlobular 
veins from which branches carry blood to the sinusoids. Sinusoids 
also receive blood from hepatic arteries. In sinusoids blood comes 
close to the liver cells. At the centre of each lobule is an intralobular 
vein; intralobular veins join to form the hepatic vein by which blood 
is carried away to the heart. In the wall of the sinusoids are a special 
type of amoeboid cells called Kupffer cells which remove bacteria from 
the liver and also aid in the digestion of fats. 

At the centre of each hepatic cord cell is a bile canaliculus into 
which the cell pours bile. Bile canaliculi join outside each lobule 
to form bile channels which unite and lead to the hepatic ducts. These 
in turn pour into bigger ducts leading into the gall bladder. Bile thus 
collects in the gall bladder. 

Digestive System of Man 

Alimentary canal begins from the back of pharynx wherefrom the 
latter leads into the oesophagus. It is a collapsible tube of about 25 
cm long. It passes down through the thoracic cavity, then pierces 
the diaphragm and enters the abdominal cavity, where it connects 
with the stomach. The wall of the oesophagus has the same four 
layers, i.e. mucosa, submucosa, circular muscle layer and longitudinal 
muscle layer, and a thin moist epithelium, the peritoneal layer or 
serosa. Besides mucous glands, there-are no digestive glands in the 
wall of the oesophagus. Just below the diaphragm and towards the 
left is the stomach in the form of an elongated sac. Its size varies 
according to several factors particularly the sex and amount of the 
contents. In general, the stomach of a woman is usually more slender 
and smaller than that of aman. The mucosa of the stomach contains 
numerous gastric glands that produce the gastric juice. This contains 
hydrochloric acid and enzymes pepsin and rennin. Three regions 
can be differentiated in the stomach : cardiac, fundic and pyloric 
parts. Cardiac part lies above the opening of the ердк into 
the stomach, gastric glands of this part usually have mucus-pro ue 
cells. Fundic part is the main or central part and the ani 
of this region produce hydrochloric acid and the enzymes ш а dition 
to mucus. Pyloric part is the terminal narrow part of the stomach 
and like cardiac part produces mostly mucus. pa atomeg Bee 
АӨ guarded by sphincter museles; Кл into the stomach; 
cardiac partand guards the opening of Ч CEST IS loric sphincter 
this is called cardiac sphincter or cardia, A similar, ру ' 
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Fig. 459 Digestive system of man. 
or pylorus, guards the opening of stomach into the intestine. Cardiac 
sphincter relaxes to allow solids and liquids to pass down into the 
stomach. The paste-like partly digested food and liquids are practi- 
cally forced through the pyloric sphincter by means of peristaltic waves 
starting from the cardiac to the pyloric end of the stomach. A 
condition called pylorospasm is common in babies, in which the 
pyloric sphincters do not relax normally to allow the food to leave 
the stomach, with the result that the baby vomits the food (milk). 
It can be set right by administering a drug that relaxes smooth muscles. 
The inner wall of the stomach is thrown into irregular longitudinal 
and muscular folds called rugae. Stomach wall is extra-muscular, 
for there are three muscle coats instead of the usual two; these are 
circular, longitudinal and oblique muscle layers, 
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Fig. 460 Stomach, muscle layers and interior. 

Next to the stomach is the small intestine of about 6 metres length 
and 2:5 ст in thickness. Its coiled loops fill most of the abdominal 
cavity. There are three divisions of the small intestine : duodenum, 
jejunum and ileum. Duodenum begins just after the pyloric stomach, 
it is about 25 cm long and curved like ‘C’. In the middle of ‘C’, the 
duodenum receives the common bile duct and pancreatic duct, opening 
into the duodenum by a common aperture located on a raised area 
called papilla of Vater. Duodenum becomes jejunum at the point 
where the small intestine turns abruptly forwards and downwards; 


jejunum is about 2:40 metres long. Jejunum passes into the ileum, 
һе inner wall of the entire small intestine 


ds called valvulae conniventes or plicae 
Jike microscopic pro- 


goblet ing mucus. The mucosa of ileum is folded to 
Wiss Re intestinal glands. In the duodenum, 
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: RS Be асас 
' — Fig. 461 Section of small intestine showing plica circu 
' there are similar duodenal or Brunner’s glands lying in the submucosa. 
All these glands secrete digestive enzymes. 


« Fig. 462 Mucous membrane of the ileum of man showing villi and 
the mouths of the intestinal glands. art 
Small intestine passes into the remaining 1:50-1:80 metres р : 
of the alimentary canal called large intestine. This part, ed : 
shorter than small intestine, has a larger diameter. Its average = 
meter is 6'5 cm. ‘but decreases towards the lower end of the tude. 
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Large intestine is divided into the caecum, colon and rectum. The 
first 5 to 8 cm of large intestine are termed caecum. It is placed in 
the lower right quarter of the abdominal cavity. A blind tube, of 
about 18 cm, comes off from the lower portion of the caecum; this 
is called vermiform appendix. Its structure is similar to that of rest 
of the intestine. Its mucous lining often gets diseased and inflamed, 
causing appendicitis. The colon is the longest:and has three parts : 
(i) ascending colon, (ii) transverse colon and (iii) descending colon. The 
ascending colon lies in the vertical position, on the right side of the 
abdomen extending up to the lower border of the liver. The ileum 
joins the large intestine at the junction of caecum and ascending colon. 
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Fig. 463 Large intestine. 
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An ileocaecal sphincter guards the opening of the ileum into caecum, 
allowing material to pass into the caecum but not in the reverse direc- 
tion. Transverse colon passes transversely across the abdominal cavity 
below the liver and stomach and above the small intestine. Descending 
colon lies in the vertical position on the left side of the abdomen. 
Rectum is about 21-23 cm long. Its terminal about 2:5 cm 
apart is called the anal canal. Its mucous lining is arranged in nu- 
merous vertical folds, each of which contains an artery and a vein. 
Piles (haemorrhoids) are enlargements of the veins in the anal canal. 
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E „ 464 Man—the vermiform appendix and the ileocaccal region. 
The caecum is opened to show the ileocaecal sphincter. 
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The external opening of the anal canal is guarded by two sphincters. 
The opening of rectum is the anus. There are intestinal glands in the 
wall of large intestine. The walls of the colon are pouched or puckered, 
the pouches are called haustra. 

Liver—This is the largest gland in the body and weighs about 
1-1°5 Ке. Chocolate-coloured liver lies just behind the diaphragm more 
towards the right side. A ligament divides the liver into two main 
lobes. Liver receives blood from the hepatic artery and the hepatic 
portal vein and is drained into the inferior vena cava (postcaval vein) 
by the hepatic vein. A peer-shaped gall bladder, about 10-12 cm 
long and about 2:5 cm wide, lies on the under surface of the liver. 
One of the principal functions of the liver is the secretion of bile. "Ihe 
small bile ducts within the liver join to form two larger ducts which 
come off from the undersurface of the liver as right and left hepatic 
ducts. Hepatic ducts join to form a single duct, this is soon joined 
by a cystic duct from the gali bladder, thus forming a common bile 
duct. About a pint of bile is produced in a day. Bile is usetul in 


the digestion of fat. i ' 
Pancreas—It lies behind the stomach as a horizontal structure in 
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Fig. 465 Man— Pancreas and bile duct. 
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the C-shaped curve of the duodenum. It varies in size according 
to sex and individuals, being larger in man than in woman. Usually, 
it is 15-25 cm long and about 2:5-3:00 ст wide. Pancreas is a dual- 
purpose gland, it is exocrine as well as endocrine. The exocrine 
part of it produces the digestive juice, which is finally collected in a 
pancreatic duct. This duct extends throughout the length of the 
gland and opens into duodenum with the common bile duct on the 
papilla of Vater. The islets of Langerhans are its endocrine parts 
which produce insulin and glucagon hormones. 

Food and di:t: Food materials have been discussed at length 
in Chapter 9 of this book. 

The sum of food materials taken in by a human over a specified 
period of time makes up his or her diet. A balanced diet should 
include all classes of food, such as carbohydrates and fats for energy, 
proteins for building up tissues, vitamins and minerals for proper 
functioning of the body parts, and water as a solvent. The amount 
and variety of principal foodstuffs, i.e. carbohydrates, fats and proteins, 
depends upon the age, sex, nature of work done by an individual, 
his or her body-weight and on the climatic conditions. 

Roughly, it is usual to get 25% of the day's total energy from 
fat, 10-1575 from protein, and the rest from the carbohydrates. So 
a mixed diet with a total value of 2,500 calories can consist of : 

Carbohydrates 65% 1625 

Proteins 10% 250 

Fat 25% 625 oF 
(Calories are the units of measuring heat and energy. The amount 
of heat required to raise the temperature of one kilogramme of water 
through one degree Celsius is one calorie.) 

It is equally important to include vitamins, minerals, water and 
roughage (fresh vegetables eaten raw). 

The following balanced diet has been 
nists in India : 

Cereals (aata) and rice 


Calories 


worked out by nutritio- 


392 grammes 

Pulses (dals) 855555 
Green leafy vegetables 85 à 
Root vegetables 84 3 
Other vegetables : 84  , 
Fruits 85 , 

Milk 285. 
Sugar (or gur) 60 , 
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Vegetable oil, ghee, etc. БӨ ass 
Fish / meat US ug 
Egg 1 egg 


The above list is for a normal healthy adult, doing moderately 
heavy work. The quantities shown should be spread out for the 
four meals of the day. 

Extra food is necessary for growing children, recovering patients, 
pregnant mothers or mothers nourishing babies and during adoles- 
cence (between 15 and 20 years of age). Men need more food than 
women. 

Children and adult body-builders nced more proteins. As a 
rule, animal food such as meat, mutton, fish, egg and milk, is more 
easily digestible than vegetable food. Nevertheless, vegetable food as 
bulk food and a source of vitamins is essential. 

Based on the food-habits people are divided into the following 
categories :— 4 

(i) Veganists, who take purely vegetarian diet; not even milk or 
milk-products or eggs; : 

(ii) Lacto group, who are vegetarians but also accept milk and 
milk-products, but not eggs; : 

(iii) Ovo-lacto group, who are vegetarians and eat animal products 
such as milk, food with lactic base and eggs but do not consume 
meat from warm or cold-blooded animals. 

(iv) Non-vegetarians, who largely depend upon meat and fish for 
food. : : 

Studies оп food-habits have shown that cardio-vascular diseases 
(heart-failure and blood-pressure) are less common amongst the vege- 
rns than in he поп ae that regulate the amount 
of food а There аге two centres working antagonistically: m 
appetite centre in the lateral hypothalamus, and a satiety centre in 


ventral hypothalamus. Two theories have been put forth to explain 
: centres: ; 
the operation of these Jt holds that a moderate decrease in the 


ry— > З 
(а) Thermostat kis Ta the centres, the appetite centre is pro- 


blood temperature i is inhibited (calmed). It results 
х A esos is obliged to eat. When after eating, 
appetite and шаш ИШ coal the appetite centre is calmed. 


ises A 
ЕЯ blood оро is provoked. It is because of this reason that 


appetite is lost in fever. Я 
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APPETITE CENTRE 
{ lateral hypotkalaraus ) 
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'Hunger pangs' 
EMPTY STOMACH 


E 
a 
Deciease in blood Pleasant emotions, 
temperature sight, smell, taste of food | 
Decrease in blood 
glucose concentration 


(b) Glucostat theory—It holds the glucose level in the blood to 
influence the centres. When it falls below a certain level, the norm 
or set point, appetite centre is provoked and when it rises to normal 
or required level after taking food, the satiety centre is provoked. 

Food of rabbit and ingestion—Vegetables, leaves of plants, roots 

and grasses are the food of rabbit, which it cuts or gnaws by its sharp 
incisors, the mobile lips transfer the food to the buccal cavity. 
The food is subjected to mastication by the grinding cheek teeth. | 
Simultaneously, saliva is mixed with the food. Saliva has many 
functions in rabbit and man:—(a) It softens and lubricates the food 
by means of its mucin which also helps in binding the masticated 
food into a food bolus. (b) It helps in dissolving many foodstuffs 
so that they can be tasted. (c) It contains ptyalin, a digestive enzyme. 
(d)It has a cleansing action, when there is no food in the mouth 
cavity, saliva serves to dissolve small bits of food left in the mouth 
cavity. It also kills bacteria which might have harmful effects if 
allowed tolive. (е) It keeps the mouth cavity and palate moist SO 
that the tongue has a free movement. 

Triggered by tactile stimulation of the soft palate and the wall 
of the pharynx swallowing is a reflex action, having its control 

centre in the medulla of the brain. The food bolus is then swallow- 
ed, this is called deglutition. While swallowing, the soft palate is 
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raised and blocks the internal nares and the nasal passages, breathing 

is temporarily stopped for a moment. The glottis is closed by hyoid 

muscles and epiglottis. Food bolus thus goes into the oesophagus 

from where it goes to the stomach by peristaltic contractions. 
Digestion of Food in Rabbit and Man 

The food contains substances which will form new proto- 
plasm and will supply energy for vital processes. Whatever the 
food may be, it generally contains proteins, fats, carbohydrates, 
inorganic salts, vitamins and water. These must be digested before 
they are of use to an animal. Digestion is essentially a process of 
hydrolysis by which molecules of various food substances are reduced 
progressively till they form a true solution. The changes in digestion 
are brought about by organic catalysts called enzymes. 

When food comes into the mouth cavity, it is mixed with saliva 
coming from salivary glands. Saliva contains an enzyme ptyalin or 
amylase in a neutral medium. Ptyalin acts on starches (polysaccha- 
tides) and changes them into compound sugars such as dextrin and 
maltose (disaccharides). s 

The action of saliva continues into the stomach, till it is stopped 
by HCI making the medium acidic. 

Peristaltic waves pass down the walls of the stomach and 
intestine, these movements break up the food into small pieces and 
mix it with digestive juices. Gastric glands begin to pour out gastric 
juice even before food passes down into the stomach. This is because 
gastric juice, like saliva, flows as 8 result of the ШЫ н 
by sight, smell, taste or expectation of food. But this juice is low 
"Hi pepsin and HCI concentration. Fo аот a 
reacted upon by the enzyme pepsin. 2" NES 
carted wp bys в тиш) and a gatie иш; HC 
acid is about 0:5% of pH less (иш ne ME sacs 
the oxyntic cells, the HCl has a pH of about one, "^ ut out by other 
to 1:5-1:8, when mixed with the mucus Lap AD precursor 
cells of the gastric glands. Р en ша pepsin by HCl. Stomach 
Pepsinogen which 1s changed in ence of partially digested 
also produces a hormo 


ne gastrin їп the presen' ally digest 
Proteins which activates the gastric gland to produce gastric juice -rich 
in pepsin and НСІ. Various 


enzymes act thus : a 
(a) pepsin--proteins— peptones and p roteoses (smaller ројурери x 


Е it into calcium paracasein . 
LIS tein casein— curdles 1 : i 
» jT pass out quickly and undigested from the 
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stomach as liquid milk would, but its protein can be digested. 
Rennin is plentiful in young animals but may be absent in 
adults in. whom pepsin can coagulate milk. 

Milk contains about 4:5% lactose and about 70% of the world's 
population connot tolerate lactose in milk and develop symptoms like 
bloating, gaseous distension, abdominal pain and diarrhoea. This is 
because such people do not have or have insufficient amount of 
lactose-splitting enzyme—lactase. Workers at Central Food Techno- 
logical Research Institute, Mysore, have found a simple technique of 
reducing lactose content of milk. This involves treatment of milk 
with yeast cells to reduce lactose content by converting it into easily 
digestible glucose and galactose. Milk treated thus is well tolerated 
by infants and adults. 

(c) gastric lipase+fats—eglycerol and fatty acids. 

The action of the gastric lipase is almost negligible. The muscles 
of the stomach churn the food and mix it with water and gastric juice 
to form a thick, acidic fluid called chyme; the chyme passes through 
the pyloric sphincter in small quantities at a time into the duodenum. 
By alternately contracting and relaxing the pyloric sphincter can hold 
food back or let it through. 

The chyme on entering the duodenum meets the pancreatic juice 
from the pancreas, bile from the liver and succus entericus secreted 
by the glands of Lieberkuhn of the duodenum and ileum. 

Bile contains water, bile salts and bile pigments, but it has no 
digestive enzyme. Consequently, it does not take part directly in diges- 
tion. Bile is said to prevent putrefaction. The duodenum produces 
a hormone cholecystokinin which goes into the blood and forces bile 
out of the gall bladder into the duodenum. 

COMPOSITION OF HUMAN BILE 


) JARED 
Components Liver bile (%) In Gall bladder (%) 

Water 97: 86:00. 

Bile salts its Tm 
Mucin and pigments 0:49 2:25 
Cholesterol 0:12 2:17 

Fat (lecithin) 0:06 0:66 
Inorganic salts 0:72 0:78 


rsen 


Bile salts are bicarbonate, glycocholate and taurocholate of 
sodium. Bile salts increase the digestive action of pancreatic amylase, 
trypsin and lipase. Sodium bicarbonate neutralizes the acid of gastric 
juice and makes the chyme alkaline. Glycocholate and taurocholate 
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of sodium break down the fats of tissues into small globules which 
can mix with water to form an emulsion. Fats can be digested only 
when emulsified. The bile pigments are green biliverdin and red 
bilirubin which are excretory products formed by the breakdown of 
haemoglobin of worn-out erythrocytes in the liver. Bile pigments are 
passed out with faeces. Bile has an amber colour, but on exposure 
to air, it changes to green. 


Pancreatic juice is secreted by the pancreas, due to the activity 
of a hormone secretin, produced by the duodenum which activates 
the pancreas, so that pancreatic juice passes into the duodenum. 
Secretin remains as inactive prosecretin till it is activated by the 
HCl in the food coming from the stomach. Pancreatic juice is a 
watery, colourless, alkaline fluid having sodium bicarbonate which 
also neutralizes the acid of gastric juice. Pancreatic juice has four 
enzymes, trypsin protease, chymotrypsin, amylase and lipase. Trypsin 
does not occur as such but as inactive trypsinogen which is activated 
by an enzyme enterokinase produced by the duodenum and ileum, the 
activator enzyme changes trypsinogen into an active enzyme trypsin 
protease. Chymotrypsin is also secreted as a precursor chymotrypsi- 
nogen. The action of pancreatic enzymes is greatly enhanced by bile. 

(a) trypsin protease-- proteins, peptones and proteoses—ttri-, di- 

and monopeptides (amino acids). de 
b otrypsin 4 cesein — amino acies. 

e ЕЕ апі glycogen—maltose (a Заваан 

(d) lipase--emulsified fats—fatty acids, mono- and diglycerides 

and unhydrolyzed triglycerides. 

Triglycerides are globules with diameters of 0'5 microns or less, 
and are known as elg that the pancreatic juice induced 
in i hormone so 1 
by зыр a © Мше Another hormone pancreozymun produced 


by the intestinal wall in the presence of HCl and partly ае 
proteins stimulates pancreatic cells to produce Tee i saat 
The presence of fats in the intestine S s Ed prm 
to produce a hormone enterogastrone тыа а Шу чор (фе een 
tion of gastric juice in the stomach and s dow р pee 
The products of pancreatic amylase and Bid ps inm cd 
state of being absorbed. These pidum не 
further in the ileum by means of gam dem ioris у> 


In the duodenum and ileum, 
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М, mucosa in presence of НСІ . 
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Cells to produce Juice 
rich in enzymes 
INTESTINE 


(222 
Fig. 466 The hormones іп the alimentary canal of man and (rabbit). : 
so that it becomes an alkaline liquid called chyle which is forced into 
the ileum. : 
Ileum puts out succus entericus which is a watery alkaline liquid, 
containing mucin and several enzymes called peptidases, (including 
carboxypeptidases and aminopeptidases) lipase, invertase, maltase and 
lactase; it also has an activator enterokinase which activates pancreatic 
trypsinogen. Peptidases contain several proteolytic enzymes, One 
_ group of which was erepsin. 
(a) peptidases+-tri- and di-peptides—amino acids (monopeptides): 
~ (b) lipase--remaining emulsified fats—fatty acids and glycerides: 
(c) invertase--sucrose—glucose and fructose (monosaccharides). 
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(d) maltase--+maltose—glucose. 

(e) lactase--lactose—glucose and galactose. 

The food of rabbit contains large quantities of cellulose of plant 
cell walls which cannot be digested by enzymes of vertebrates. 
Cellulose passes to the caecum, where symbiotic bacteria change it 
into a simpler form, which is only half-digested but passes out with 
the faeces. To get the full advantage of the food just expelled ош“ 
rabbit picks it up quickly and swallows it down the gullet. Thus 
rabbit is an example of coprophagy (eating ‘the faeces), refection or 
pseudorumination. The simplified cellulose in the faeces is then diges- 
ted in the ordinary way in the stomach and intestine. The digested 
cellulose does not re-enter the caecum but passes through the large 
intestine which takes out water from it and it forms dry faecal pellets. 
It is probable that in refection the rabbits obtain quantities of B 
complex vitamins that have been produced by bacterial action in the 
large intestine. 

Undigested and unabsorbed materials then pass down into the 
colon and rectum, which are chiefly concerned with the formation 
of faeces and absorption of water. There are putrefying bacteria 
in the colon which help in the formation of faeces. Finally, the 
faeces passes Out through the anus. 

' Digestive action of saliva on starch—Mammalian saliva contains a 
starch-digesting enzyme called ptyalin or amylase. To bring about 
secretion of saliva, chew а piece of paraffin or a rubber band and spit 
the collected saliva in a test tube. Test some saliva for sugar using 
Benedict’s or Fehling's solution. If the sugar-test is negative, then ^ 


Prepare 1% starch so 
grocer) and add to it 
parts in two separate test tubes. 
sugar. It should give a negative 
formed yet. Shake the other tube, and after some time take out 
a drop on a slide, mix with a drop of iodine solution. Blue 
colour should appear, indicating that starch is still present and it has 
not yet changed into sugar. Take out drops in the same way at 
intervals of 1-3 minutes and notice how the blue colour of the 
iodine test gradually fails to appear. This will show that starch is. 
being converted into sugar. To confirm this add Fehling s solution 
to the mixture and heat, а reddish precipitate will be formed 


showing the presence of sugar. 
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How stomach is saved from its own acid and enzymes ? 

This is one of the most common questions arising in the study of 
digestion. The hydrochloric acid is active enough to break the food 
proteins and is secreted in concentrations that normally would kill 
most living cells. There are mechanisms that protect the inner lining 
of the stomach but we are not sure of how they work. It is believed 
that the acid in the oxyntic (parietal) cells of gastric gland is secreted 
near the edge of the cell, just at the cell membrane, rather than within 
the cell itself. Moreover, the freshly secreted acid of pH of about 
1, is immediately diluted with mucin and proenzymes to a pH of 
about less than 2. And, thirdly, the mucin (=mucus ) is put out 
in large quantities by the gastric glands. Mucus protects the lining 
of the stomach. The entire stomach wall is lined with a thick coat 
of mucus which protects it from both НСІ and pepsin. The mucus 
is constantly renewed by mucus-secreting cells lining the stomach. 
The acid and pepsin just cannot penetrate through the thick mucus 
coat and cause damage to stomach lining. 

Sometimes, the protective mechanisms do not work and the 
stomach does digest itself, at times a small portion of the lining may 
be eaten away. The resulting damaged area is called a gastric or 
peptic ulcer. It may develop into a bleeding ulcer. 


Absorption 


Digestion changes proteins into amino-acids; carbohydrates into 
monosaccharides, glucose, fructose and galactose; and fats into fatty 
G acids and glycerol. These end-products of digestion have three features 
in common : (1) they are small molecules that can pass through the 
cell membranes; (2) they are the molecules that the cells can use 
for energy; and (3) they are the kinds of molecules that the cells can 
use to make their own specific structures. The end-products of dig- 
estion are finally absorbed in the wall of the small intestine. Intestine 
has a vast surface for absorption owing to the presence of numerous 
finger-like folds of the intestinal wall called villi. The intestinal wall 
appears very much like a turkish towel. Surface area of the intestine 
is further increased by the microscopic folds, the microvilli, protrud- 
ing ouf from the surface of intestinal epithelial cells. Amino-acids and 
monosaccharide sugars are easily absorbed and passed directly into the 
blood capillaries of the villi, and thence to the hepatic portal circula- 
tion which carries them into the liver. 


Absorption of fatty acids and glycerides is not a straight forward 
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Active transport 
РЭ of glucose 


Glucose+ATP 
Glucokinase 


Glucose—6—phosphate 


- INTESTINAL 
H EPITHELIAL 
п CELL 


© 


Glucose — 6—phosphate 
\) Phosphatase 


Glucose 


Fig. 467 Absorption of glucose. 

process. Free fatty acids, mono- and diglycerides and triglycerides 
(chylomicrons) pass through the columnar cells of the mucosa of the 
villus. During their passage through these cells, free fatty acids are 
resynthesized into triglycerides. In this resynthesis, the free fatty 
acids combine with simultaneously absorbed mono- and diglycerides. 
The chylomicrons (triglycerides), synthesized thus, or as unhydrolyzed 
triglycerides are passed on mainly to the lacteal. Some prosiduc 
of fat hydrolysis enter the blood capillary directly. Lacteals open 
into the thoracic duct of the lymphatic system which opens into the 
left subclavian vein. Thus fats are eventually brought into blood 
circulation. 

We know more about the actual mechanism of absorption of 
glucose, which is not just a process of simple diffusion, but an active 
transport mechanism. This can be briefed into three steps: 

1. Glucose moves into the cells of intestinal mucosa, presumably 
by diffusion and active transport. 

2. Inside the mucosal cells phosphorylation of the glucose mole- 
cules occurs immediately, presumably by following reaction catalyzed 
by the enzyme glucokinase. 

Glucose -- ATP 4-gluco inase — Glucose-6-phosphate--ADP 

3. Glucose-6-phosphate diffuses across the intestine mucosal cell, 
and near its surface adjacent to a blood capillary, the preceding equa- 
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tion is reversed, but by another enzyme, phosphatase. Glucose then 
moves out of the cell into the blood. 

Diffusion of glucose in the mucosal cell across its ccll membrane 
is aided by certain enzymes in the cell membrane, called translocases. 
These combine with the molecules to be transported across and after 
having performed their function, separate out, thus work as carriers. 

Summary of Activators 


TT ————— 


| | 
_Activator : 
hormone/enzyme Produced by It activates | It causes release of 
1. Gastrin stomach gastric glands | gastric juice 
2. Secretin duodenum pancreas | pancreatic juice 
| 
3. Cholecystokinin| duodenum liver | bile 
4. Enterokinase duodenum trypsinogen | trypsin 
and ileum 
Summary of Digestion 
(Enzymatic) 
Digestive Enzyme Enzyme changes 
juice present Enzyme acts upon food into 
ъ / 
Saliva ptyalin | starch maltose and dextrin 
Gastric (a) pepsin proteins simpler polypeptides 
juice +HCl å 
(b) rennin milk curdled into casein 
(c) gastric fats fatty acids and 
à lipase à glycerol (negligible) 
Pancreatic| (2) trypsin simpler polypep- | tri-, di- and mono- 
juice protease | tides peptides 
(b) chymotry- | „ amino acids 
psin 
(c)amylase | starch maltose 
(d) pancreatic | fat emulsions fatty acids and 
Ipase a glycerides 
Succus (a) peptidases | poly-, tri- and di- | amino acids 
entericus У peptides 
d o invertase | sucrose ‘glucose and fructose 
c) intestinal | fat emulsions fatty acids and 
ipase glycerides 
(d) maltase maltose glucose 
(e) lactase | lactose | glucose and galactose 
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Questions 


Frog is a carnivore and the rabbit a herbivore. What striking 
differences do you find in the alimentary canals of the two ? 
Enumerate differences, if any, in the musculature of oesophagus 
and stomach of rabbit. 

Which of the four kinds of gastric glands put out enzymes ? 
What is the singular of ‘villi’ ? 

Assign the ‘vermiform appendix’ to its correct placing in the 
alimentary canal of rabbit. What is the significance of this 
organ ? 

Do all parts of the alimentary system put out enzymes ? 

Why is pancreas also a part of endocrine system ? 

Milk being a liquid is not allowed to go down the stomach 
immediately like water. Give reasons. 

Whee will happen if pyloric valve fails to open at the correct 
time 

What are the differences between stomach and ileum so far as 
their inner walls are concerned ? 

How is it that large intestine is shorter than small intestine, yet 
it is named so ? 

Explain the roles of pyloric sphincter and ileocaecal sphincter. 
What is common between the bile and pancreatic ducts of frog 
and man; and uncommon between these ducts in frog and 
rabbit ? 

A person suffering from fever does not feel like taking the usual 
diet. Why ? : 
You took bread, butter and an egg this morning. How did their 
constituents finally reach the blood.? 

What and how it inhibits gastric secretion when fat reaches the 
intestine ? S { 
How is it that two hormones are needed to mobilize pancreatic 
juice ? 

Bile has no enzyme, yet its role is great. Explain. 
Picturize the steps in the absorption of glucose in the intestinal 
cells and its final delivery into blood. : 

How do the products of Fat-digestion reach the blood circula- 

tion ? ‘ 

How are the inactivated gastric glands of man going to affect 
the digestion of food ? z 
Zymogen cells of gastric glands put out : re 

HCI / mucus / only pro-rennin / prorennin and propepsin.* _ 

Lacteals are named so as they produce lactase / produce lactic 
acid / being milky in appearance*/ full of k. 
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What is digested in the caecum of rabbit ? 

microorganisms cellulose* / cellulase / proteins ? 
Coprophagy is associated with dog | rabbit*/ frog / cockroach. 
*Pylorospasm' is the term given to— 


a part of pyloric stomach / the pyloric valve / a condition in 
which pyloric valve fails to open*/cancer of the pyloric stomach. 


Example of an enzyme which activates another enzyme is that of— 


_ lipase / protease | enterokinase*/ cytase. 


Chylomicrons are special measurement units of— 


enzymes/small molecules of triglycerides in the lacteals*/hor- 
mones/ activator enzymes. 


‘Give the physiological reasons : 


‘Liver is said to be a digestive gland although it secretes no 
enzyme.’ ° : 
Vermiform appendix of man is a— 

diverticulum from the caecum* / process in the small intestine / 
process in the pancreas / process in the rectum. 


Enzyme that inhibits secretion of gastric juice and stomach 
peristalsis is known as— 


lysozyme / aldosterone / enterogastrone*/ pancreozymin. 
Appetite is reduced or lost in fever. Why ? 
Chylomicrons are— Е 
(a) unit measures of fat molecules, 
(b) small molecules of resynthesized fats*, 
(c) cell-organelles storing fat, 
(d) end-products of fat catabolism. 
‘Alkaline tide’ is referred to the : 
(a) increase in the alkalinity of urine, 
(b) increase in the alkalinity of blood, 
(c) increased excretion of sodium and amrnoniiym salts by the 
kidneys*. 
Milk can be digested by all adults, all women, all children”, 
majority. of adults*. 
What makes milk for some people hard to digest : 
(1) its fats, (ii) its proteins, 
(iii) its lactose*. 
Papilla of Vater is a raised spot where— 
(1) the ureter opens into the urinary bladder, 


(ii) the common bile and pancreatic ducts open into duode- 
num*, | 


(iti) the vas defrens opens into the urethra. 
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Enterokinase stimulates : 

trypsin/ trypsinogen*/ pepsin/ pepsinogen. (CPMT-1986) 
Symbiotic bacteria present in the intestine of most primates 
which manufacture vitamins are : 

Entamoeba histolytica/ Entamoeba coli/ Entamoeba gingivalis/ 
none of these*. (CPMT-1988) 
Formation of proteins is a type of : 

hydration synthesis/ hydration analysis/ dehydration analysis/ 

(CPMT-1986) 
When a man starves he starts consuming his own fat*/ protein/ 
phospholipids/ glycogen. (CPMT-1988) 
Which one is not an enzyme in the digestive system : trypsin / 
amylase / enterogastrone* / enterokinase. (PMT—1990) 
Deficiency of ascorbic acid causes : 
_ beri beri / scurvy* / pellegra / Xerophthalmia. (CPM—1990) 
Hormone secretin stimulates the secretion. of : gastric juice / 
bile / salivary juice / pancreatic juice*. (PMT—1990) 
Acid secretion in stomach is stimulated by : 

vagal discharge / gastrin* / histamine / all. (PMT—1990). 
Which of the following enzymes does not function after food 
passes from stomach to the intestine and why : steapsin as the 
substrate is alkaline / pepsin as the substrate is alkaline* / pepsin 
as the substrate is acidic / trypsin as the substrate is alkaline 

" (PMT—1990) 
To prevent entry of food into trachea the opening is guarded by: 
epiglottis* glottis hard palate / soft palate. (PMT-1991) 
Liver of rabbit is made up of 4/6/5*/ 7 lobes. (PMT-1991) 


A. B.—40 
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CHAPTER 32 


METABOLISM 


Every organism takes food in one form or the other to obtain 
materials for body-growth and repair of tissues; and materials that 
give it energy to work and grow. We are by now familiar with the 
various kinds of foodstuffs, the enzymes, digestive processes and 
absorption of digested foods—collectively, the processes by which 
foreign matter is made a part of the living body. What happens to 
the digested food after it is absorbed, what amount reaches the cells 
and how cells make use of the materials reaching them to maintain 
the life-processes -going on steadily, is a different aspect of life. This 
envolves many physical and chemical processes, the sum total of 
which is referred to as Metabolism. Digestion and absorption are 
' the steps preparatory to metabolism. 

It may be repeated here once again that, of the several kinds 
of foodstuffs, carbohydrates give energy for work and heat; proteins 
provide the building materials; while fats provide both. Vitamins, 
water and minerals are essential for the health of the tissues. Car- 
bohydrates, proteins and fats are dealt with in the body in two distinct 
ways: (1) In one way, the foodstuffs (after digestion) are ‘broken 
down’ to unlock their stored or ‘potential energy’ and release it in the 
form of “kinetic or working energy’. Metabolic processes that bring 
about changes leading to the liberation of energy are classified under 
the subhead Katabolism. Katabolism is the destructive phase of 
metabolism. Katabolism results, besides energy, into simpler рго- 
ducts or molecules some of which are useful and others useless and 
need elimination as excretions. (2) In the other way, the body °F 
the cells ‘build up’ complex molecules from simpler molecules of food 
such as the proteins of the protoplasm, various enzyme systems; 
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materials for the repair of tissues, hormones, ATP and reserve food 
materials. Energy from katabolism is used in such processes, collec- . 
tively called Anabolism. Whereas katabolism is ‘destructive’, ana- 
bolism is ‘constructive’. Synthesis of complex materials in the cells 
from simpler molecules is also known as assimilation. Katabolic 
energy is also used in other life-processes such as movement, growth, 
excretion and reproduction. Though standing in contrast, yet 
katabolism and anabolism are interdependent phases of metabolism. 
Without katabolism, anabolism is not possible, and without ana- 
bolism, katabolism is not possible. All reactions are aided by meta- 
bolic enzymes. 


METABOLISM OF CARBOHYDRATES 


During digestion carbohydrates are finally hydrolyzed to mono- 
saccharides such as glucose. Glucose is absorbed in the cells of 
intestine and carried to the body cells as such. Uptake of glucose in 
the bedy cells is not by simple diffusion but active transport in which 
energy is consumed. It may be recollected here that absorption of 
glucose in the intestinal cells was also an energy-consuming process. 
Upon reaching the cell-surface of the body cells, glucose is temporarily 
linked with the carrier enzymes (such as translocases) of the cell mem- 
brane which take the glucose molecules across the cell-membrane 
and become free again. Soon ATP molecules of cell react with 
glucose (phosphorylation) and convert it into glucose-6-phosphate. 
ATP is reduced to ADP, one P of ATP having gone with glucose. 
This reaction is aided by an enzyme glucokinase. It is in this condition 
that glucose either enters the katabolic cycle for releasing energy or 
enters the anabolic cycle resulting in the storage of carbohydrate. 
Katabolism of carbohydrates will be dealt with at length with ‘Res- 

iration’ i ther chapter. a 
E Nc. doubt айс, is tic ‘preferred fuel’ of the body, yet at times 
when glucose falls short of requirement and all the stored glucose 
(glycogen), too, is consumed, the fats first, then proteins come under 
the grip of katabolism and provide chemical enerzy. —. Eee 
. Glycogenesis and Сїўбокепоун Su IRA eet ШШШ. s 
converted into glycogen and stored as su АШ г Ee T 
is an anabolic process and Бона ма Атр ае 
several steps: (i) glucose 18 р ee into, осон ане 


membrane and и re ; 
b sed S RR inase (described earlier), (ii) another enzyme of the 
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Fig. 468 Glycogenesis in the liver cell. 


cytoplasm converts glucose-6-phosphate into glucose-1-phosphate, 
(üi) another cell-enzyme converts glucose-l-phosphate into uridine 


“GLUCOSE, - 


diphosphate glucose and 
(iv) finally another cell 
enzyme converts uridine 
diphosphate glucose into 
glycogen. 
Glycogen is not perma- 
nently stored in the liver and 
IN muscle cells. Whenever bloog 
sugar level falls short of the 
ELVER normal (i.e. 80-120 mg per 
CELL 100 ml of blood), glycogen 1S 
mobilized into hydrolysis and 
is converted into glucose. 
Conversion of glycogen 
into glucose is 1 
glycogenolysis. First ОЁ all, 
a cell-enzyme phosphorylase 
converts glycogen into giu- 
cose-1-phosphate. Another 
enzyme changes glucose-1- 
phosphate to glucose-6-phos- 
phate. Only in some spec 
alized body cells, such 85 


membrane 


Fig. 469 Glycogenolysis in the liver cells, those of liver, intesti 
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mucosa and kidney tubules, hydrolysis of glycogen is carried on 
further, where glucose-6-phosphate is eventually converted into 
glucose with the help of glucose phosphatase enzyme. Immediately, 
released glucose enters the respiratory cycle (Katabolism) to give 
up its energy. 

It is important to note that glycogenolysis has different meaning 
in different kinds of body cells. For instance, in liver cells, glyco- 
genolysis means conversion of glycogen into glucose. On the con- 
trary, in muscle-cells, where enzyme glucose phosphatase is not found, 
glycogenolysis means conversion of glycogen into glucose-6-phosphate. 

Gluconeogenesis—Under special circumstances, when the demand 
for glucose is more than the body can afford, or when there is some- 
thing wrong with the normal metabolism of carbohydrates, body is 
forced to draw energy from fats and proteins. Fats and proteins 


Trt | PROTEINS | Y 


(Tissue cells) 


Fig. 470 Gluconeogenesis. 
with the help of certain enzymes, are converted into 
Formation of this ‘new sugar’ from mate- 


LJ 


(amino-acids), 
glucose in the liver cells. 


i carbohydrates is called gluconeogenesis. 
pericu In spite of keeping a constant flow of energy for work 
and keeping the normal storage of glycogen, the surplus glucose, with 
the help of certain enzymes in the liver, is converted into fat. This 


fat is stored as adipose tissue under the skin, around the heart and 
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kidneys and the alimentary canal. Some storage of fat in this way 
is harmless, but when too much, it gives a bad shape and figure to the 
body and makes it bulky. Controlled use of sugars and carbohy- 
drates such as rice and potatoes is often suggested in such conditions. 
If surplus glucose is not controlled even after lipogenesis, it is excreted 
by the kidneys. 

Control of carbohydrate metabolism—To keep normal homeostasis 
of the blood, control of blood sugar is an essential phenomenon. 
Normal quantity of glucose in the blood of man, for instance, is 80 
to 120 mg. per 100 ml of blood. Glycogenesis, glycogenolysis, 
glycolysis (cellular respiration), lipogenesis and gluconeogenesis all 
are such phenomena in which regulation of glucose is essential. Many 
aspects of the regulatory processes are poorly understood. However, 
certain hormones are known to be important. 

(i) Insulin, secreted by the g-cells of islets of Langerhans in the 
pancreas, influences the intake of blood glucose in the tissue-cells. 
In fact, it stimulates the action so that glucose passes across the cell 
membrane in a fairly large quantity. Insulin accelerates the phos- 
phorylation of glucose by the enzyme glucokinase (also called hexo- 
kinase). Glucose-6-phosphate, thus formed, either enters the respi- 
ratory cycle to liberate chemical energy, or is converted into glycogen 
(glycogenesis). Insufficient insulin results into (a) slow glycogenesis, (b) 
insufficient amount of glucose available for cellular respiration, as 
the intake of glucose in the tissue cells is much lowered, (c) insuffi- 
cient storage of glycogen, and (d) increase of blood sugar. These abnor- 
malities often lead to a disease called diabetes mellitus. In the liver 
insulin inhibits glycogen formation from non-carbohydrate sources 
(glyconeogenesis). 

The increased sugar level may shoot up to more than 200 mg. 
At levels lower than this high level, sugar is treated in two ways. Bet- 
ween 120 mg and 180 mg levels it is sent to liver for lipogenesis, 1.¢- 
conversion into fat and its storage. At levels above 180 mg, Sugar 
is excreted through Kidneys and passed out with the urine. 

It is important to note that in diabetes mellitus, although the 
sugar level in blood is very high, the tissue-cells are starved of glucose 
leading to lower rate of metabolism. 

(ü) Another hormone of the pancreas, called glucagon, works 
against insulin, i.e. produces opposite results. 

Glucagon activates the enzyme phosphorylase in the tissue cells 
that promotes the conversion of glycogen into glucose. It is thus 
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a hyperglycemic hormone and increases the amount of glucose in the 
blood. 

(iii) Three hormones of the anterior pituitary influence the car- 
bohydrate metabolism. These are the growth hormone (somato- 
tropin), adreno-corticotrophin and thyroid stimulating hormone. 

The growth hormone stimulates gluconeogenesis, in which stored 
fats are hydrolysed to glucose, leading to decrease in stored fats and 


increase in blood sugar. 
ISLETS OF LANGERHANS 
INSULIN 7 Ё 


INCREASED 
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Fig. 471 Control of the metabolism of carbohydrates. 


Adreno-corticotrophin also increases blood sugar, but in a different 


way. In the first place, it activates the gluco-corticoid hormones of 
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the adrenal cortex. Gluco-corticoids stimulate the hydrolysis of 
tissue proteins into amino-acids, which reach the liver cells through 
blood circulation. Liver cells reduce the amino-acids to glucose 
(gluconeogenesis). Thus more glucose circulates in the blood. 

(iv) Thyroid stimulating hormone (TSH) promotes the secretion 
of thyroid hormone. Increased thyroid hormone in the blood pushes 
more and more glucose in the respiratory cycle (katabolism), thus 
lowering the blood sugar. 

(у) Epinephrin of adrenal medulla stimulates the enzyme phos- 
phorylase of the cytoplasm which promotes glycogenolysis and results 
in more sugar circulating in the blood. A similar effect was produced 
by glucagon of pancreas, but it is important to note that whereas 
glucagon promotes glycogenolysis in the liver cells alone, epinephrin 
promotes glycogenolysis both in the liver cells and muscle cells. 

In the said account of carbohydrate metabolism, it may be re- 
collected that (i) Hormones of the pituitary and adrenal glands take 
part in carbohydrate metabolism only when the demand of glucose is 
not met by carbohydrate sources. In other words, they regulate blood 
sugar in abnormal situations when non-carbohydrate sources of glucose 
are mobilised to meet the demands of sugar and, (ii) some hormones 
stimulate the formation of blood sugar, others promote glycogenesis. 
Hormones that promote formation of blood sugar are called hyper- 
glycemic and those producing opposite effect are called hypoglycemic. 

Drugs, such as Alloxan can kill the B-cells of Islets of Langerhans. 
It is used in the experimental animals. 

Control of Sugar—an example of Homeostasis 

The term homeostasis means maintenance of constant environment. 
It may be in the context of maintenance of body temperature, hunger 
and satiety, release of hormone or shutting it off and many such self- 
adjusting mechanisms in the body of an organism. Homeostasis is such 
an important mechanism that a term known as cybernetics is used to 
embrace all concepts of homeostasis. 

Maintenance of sugar level in the blood within a certain range Of 
norm or set-point is an essential part of metabolism and liver plays 
the key-role, not unaided. Liver is aided by the hormones of the 
pancreas, but it must receive the information instructing it what to 
do. Instructions come from the pancreas in the form of varying 
amounts of insulin. What regulates the production of insulin in the 


Islets of Langerhans? In fact, it is the amount of sugar in the blood 
itself which is the effective agent. 
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When blood sugar level increases above the norm, say it shoots 
ap to 140 mg/100 cm?, pancreas is stimulated to secrete considerable 
amount of insulin, which in turn instructs the liver to—(i) convert 
more and more sugar into glycogen and store it, (ii) burn more 
sugar to CO,+H,O, and (iii) push some extra sugar into lipogenesis 
(changing it into fat). Thus the level of sugar in the blood falls to 
the correct amount or the norm. In other words, the high sugar 
level triggered a mechanism which resulted in the decrease of sugar 
level; this kind of mechanism is termed ‘negative feedback’. 

A similar mechanism operates when sugar level of blood falls 
below the norm, say it 
comes to 30 mg/100 
cm’. The pancreas /' positive 
secretes less insulin, all / feedback 
the said activities in the / 


afurther excess 
СА 


, 


excáss. ——— — — corrective 


liver are put in the re- mechanism SETS 
verse gear resulting into Eee 
an increase in the level Em 

H 1 norm 
of blood sugar till it negativo 
reaches the ur Х It feedback 
must, thus, be kept in corrective 
mind that ‘any mecha- shortage кесапат 
nism that ends up їп ate 
reaching the correct positive v 


teedback NS 


velor norm is a nega- 
us З “ч further shortage 


tive feedback mecha- 
nism as illustrated below : e) UN 

A mechanism that leads to further deviation from the norm 1s 
said to be a positive feedback. Itis the outcome of breakdown of 
negative feedback corrective processes. 

DIABETES 

Since diabetes mellitus is linked up with the matabolism of carbo- 
hydrates and its control by the pancreatic hormones, it is worthwhile 
to go in for some details. 


The islet of Langerhans has three kinds of cells—alpha (ш), beta(B) 
and дена ($) types; the most numerous are the beta cells that produce 
insulin hormone, in close proximity to beta cells, but less пошао 
are the alpha cells that put out glucagon hormone; and the peu 5, 
least numerous, produce a hormone called somatostatin. ereas 


insulin and glucagon are mutually antogonistic hormones, somato- 
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statin is a hormone that influences the secretory activities of beta and 
alpha cells. Secretory activities of beta and alpha cells are also 
influenced by the levels of metabolic fuels (glucose and amino acids) 
in the blood plasma, impulses from autonomic nerves and other 
hormones such as epincphrine and gastro-intestinal hormones. 

Activity of beta cells is principally regulated by levels of glucose in 
the interstitial fluid or extracellular fluid. There may be a 8 to 10 
fold rise in the secretion of insulin in responce to an increase in the 
plasma glucose from 70 to 150 mg/100 ml. There is a simultaneous 
decrease in the secretion of glucagon from alpha cells. Insulin increase 
in response to sharp rise of glucose in extracellular fluid occurs in two 
phases : the first rapid phase starts within seconds and lasts around 
10-15 minutes with peak at 2 to 3 minutes. This is followed by a 
phase of slow rise in insulin secretion which remains high until after 
glucose falls to basal values (70—80 mg/100 ml). The secretory res- 
ponses of the beta cells to changes in the extracellular glucose are 
possibly through gluco-receptors or glucose sensors on the plasma 
membrane of the cell surface of the tissues. 

Insulin secretion also rises in response to an exclusive protein meal. 
It is now regarded that amino acids derived from the hydrolysis. of 
proteins in the gastrointestinal tract, primarily increasc the secretion 
of glucagon, which in turn, stimulates insulin secretion through para- 
crine effect (influence of one hormone on another). In such a situa- 
tion while insulin drives amino acids into tissues, particularly muscles 
for protein synthesis, lowering of glucose in blood is effectively coun- 
tered by glucagon stimulating glycogenolysis of liver. 

During consumption of a mixed meal the first signals to stimu- 
late the beta cells are through the vagus nerve and the gut hormones 
such as GIP (gastro-intestinal proteases). There is alrcady a rise in 
the level of insulin in the hepatic portal vein (collecting blood from 
the gastrointestinal tract and emptying into the liver) by the time 
glucose is absorbed from the gut. This supports the process of 
trapping over 60 percent of the extra glucose in the liver (glycogene- 
sis) and thereby prevents undue hyperglycaemia. Insulin secretion 
remains raised until glucose level in the blood falls to pre-absorption 
levels: During this period alpha cell activity remains shut mainly due 
to paracrine effect of high insulin secretion. 

Within 3-4 hours after a meal, plasma glucose falls to between 
70-100 mg/100 ml which has to be maintained at this level for any 
length of time until the next meal. This is a most important gluco- 
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regulatory mechanism as the central nervous system needs a supply 
of about 6 gm of glucose per hour. If the glucose level comes down 
below 60 mg/100 ml, serious disorders of brain functions are likely 
to occur. To prevent this situation, use of glucose, such as by Ше. 
muscles is restricted, while alternative sources of energy are signalled 
on; these include lipolysis, whereby adipose depots are mobilized 
to make free fatty acids (FFA) available, and liver glycogenolysis is 
stepped up by increased output of glucogon. 

Hyposecretion of insulin—In the early stages of insulin deficiency 
basal levels of insulin secretion may remain within normal limits but 
response to stimulation by a carbohydrate-rich meal (or glucose load) 
becomes inadequate. This leads to postprandial or post-glucose 
hyperglycaemia. 

Hyposecretion of insulin allows an increase in glycogenolysis, 
gluconeogenesis and lipolysis (breakdown of stored fats) leading to 
rise in plasma glucose and free fatty acids (FFA). The first two activi- 
ties are supported by corresponding increase in the stimulation of 
alpha cells releasing glucagon. In moderate insulin deficiency high 
output of glucose (glycogenolysis) from liver coupled with less utili- 
zation of sugar by muscles maintains high levels of glucose in the 
plasma, a chacteristic of diabetes mellitus. à; 

The sugar is no longer adequately utilised, the sugar content of the 
blood rises and sugar is excreted in the urine. This high sugar in the urine 
causes a lot of water loss and the patient complains of excessive thirst. 

The disease knows no caste or regional barriers and affects rich 
and poor, blacks and whites in the same manner. M: 

A new technique has been developed recently to measure integrated 
blood glucose levels over longer periods of time. The available tests 
are costly and not possible everywhere. This new test called the 
‘glycated haemoglobin test? is cheap and effective method to estimate 

even from remote and distant areas. 


levels in patient 
usd Locorum Еи by Dr. Arun Dhir from the Department of 
Endocrinology, All India Institute of Medical Sciences (AIIMS), in- 
volves the patients pricking their finger and spreading the drops of 
blood on special filter paper provided to them in pre-paid envelopes 
and sending them back to ATIMS, New Delhi-29. The doctors 
estimate the blood glucose levels and send the report back to the 
tment to be taken. 


i i ther trea Е 
patients PEN have also developed a new albumin test to 
measure the induced damage to kidneys because of diabetes. 
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Severe insulin deficiency, in addition, leads to greatly enhanced 
lipolysis and high level of FFA, and subsequent accelerated oxidation 
of FFA in the liver with the production of ketone bodies. This results 
in hyperketonaemia and ketonuria which may progress to diabetic 
ketoacidosis. Diabetes is a disease which can affect atmost any organ 
of the body but espectially affected are the kidneys, heart and eyes. 
All diabetics whether treated with insulin or not are susceptible to 
these disorders. 

Kidneys get affected in up to 50 per cent of diabetics, much more 
in the juvenile variety but with proper management, kidney damage 
and its subsequent failure can be postponed. 

It is not only the adults who suffer from this disease.. One out of 
every 4,000 children in India is diabetic. 

Kinds of diabetes mellitus—Broadly speaking, it is of two kinds : 

(i) Insulin dependent diabetes mellitus (IDDM), occurring in 
children and adults below 30 years of age; in children it is often 
known as MODY type (Maturity onset diabetes of the young); 

(ii) Non-insulin dependent diabetes mellitus (NIDM), mainly in 
subjects above 30 years of age. 

IDDM, previously known as juvenile diabetes, is common in 
children at the age of 10-12 years in girls and 12-14 years in boys 
during the course of their maturity. It is more common in Africans, 
South and East Asians, Mongolians and Polynesians than in Indians. 

~ Basic reasons of IDDM are destruction of beta cells as a conse- 
quence of an inflammatory process called insulitis. It has been esta- 
blished that insulitis results either by viral attack which destroys beta 
cells or by autoimmunity. Mumps virus, congenital rubela virus and 
coxsachie virus have direct effect on beta cells causing insulitis. 
Chemicals as Aloxan, streptozotocin and vacor (a rodenticide) are 
known to be specifically injurious to beta cells. Pancreatic Islet Cell 
Antibodies (PICA) destroy the islet beta cells (autoimmunity). Virus 
induced autoimmunity has also been reported. 

NIDDM (non-insulin dependent diabetes mellitus) accounts for 
well over 90% of the diabetics round the globe. The exact cause of 
NIDDM is not fully known, but it is apparent that heredity, ageing, 
obesity and environmental factors such as urbanization, physical in- 
activity and refined diet are involved in this widespread disorder. 

(iii) Malnutrition related diabetes mellitus (MDDM); 

(iv) Gestational diabetes mellitus (GDM); 

( у) DIDMOAD syndrome : diabetes insipidus (DI) and diabetes 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


METABOLISM 621 


mellitus (DM) may occur simultaneously in a few cases with optic 
atrophy (OA) and neurosensory deafness (D). 

Control of diabetes mellitus—IDDM can be controlled by insulin 
alone. The sources of insulin are chiefly the bovines and the porcines, 
ie. from the cattle and pigs. With recombinant DNA techniques 
(Goeddel, 1979) human insulin (humilin) is being produced from 
Escherichia coli (colon bacteria). 

Other forms of diabetes mellitus are successfully controlled by Oral 
hypoglycaemic agents (OHA), as sulfonylurea, biguanides, acarbose 
and Guar gum. Various formulations of sulfonylurea as Tolbutamide, 
chlorpropamide, tolazamide and Glibenclamide are marketed under 
various brand names (Rastinon, Diabenese, Dionyl etc). NIDDM 
subjects may take insulin injections to safeguard future complications. 

The next step in the control of diabetes will be miniaturisation of 
our ‘artificial pancreas’ or ‘plastic pancreas’ (like a heart pacemaker)— 
a machine worn on the body which will measure blood sugar repea- 
tedly, and every few minutes inject minute amount of insulin into 


irculation. 
ee бсре (1970 onwards) of a special group of alkaloids cadlled 
polyhydroxy-alkaloids produced by plants, primarily for their own 
defence, has prompted their use in human beings. Polyhydroxy-alka- 
loids resemble sugar molecules in shape and size and are often mis- 
took by sugar-breaking enzymes, ee ate ш е MER. 
xy-alkaloid (a sugar 
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levels is only marginal and can be overcome by oral antidiabetic 
drugs like Diabenese. 

Diabetes Research Centre at Royapuram, Madras, recommends 
exercise to diabetics. The C-peptide assay is an important genetic 
high-fibre carbohydrate diet and marker of future diabetes. 

{ METABOLISM OF FAT 

Fats, upon digestion, break up into fatty acids and glycerol. Soon 
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Fig.472 Metabolism of Fats. 
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after absorption in the intestinal mucosa, the fatty acids and glycerol 
unite to form fats again, but of smaller molecular weight, called 
chylomicrons. It is in this state that fats reach the blood. Much 
of the absorbed fat is deposited in fat-storing cells which are widely 
distributed throughout the body. Some is oxidized to produce 
energy (katabolism), and some is used for the synthesis of lipids for 
the use of cell (anabolism). When the fat eaten is in excess of the 
energy requirements of the individual, fat accumulates in the storage 
cells, thus increasing the amount of adipose tissue. It is a valuable 
reserve of food and also provides protection and support for organs 
and insulation for the animal. Adipose tissue stores are composed 
largely of neutral fat, whereas the lipids in the active tissue cells are 
largely phospholipids, cholesterol and cholesterol esters of fatty acids. 
Fat Katabolism—Fats have more potential energy than the car- 
bohydrates. One gram of carbohydrate produces 4:1 calories of 
chemical energy, as against 9-0 calories from the same amount of fat, 
but the liberation of energy from fat is a far more complex process 
than from carbohydrate. Fats yield energy in two main steps: — 
(i) Ketogenesis—It comprises a set of chemical reactions occurring 
mainly in the liver cells, and resulting in the formation of substances 
called ketones. In the first stage, chylomicrons are hydrolysed to 
fatty acids and glycerol. Then, after several chemical and com 
reactions, collectively called beta oxidations, fatty acids are converte 
i e A. Through some more enzymatic reactions 
шо n «ш ETE condensed to acetoacetic acid, a kind of ketone 
E к) acetoacetic acid breaks down chemically into two 


other ketone bodies, acetone and B-hydroxybutyric acid. А part of 
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Control of fat metabolism—Insulin of pancreas, growth hormone 
and adreno-corticoids of pituitary and gluco-corticoid hormones of 
adrenal cortex are known to affect fat metabolism. It may be recalled 
that same hormones affected the metabolism of carbohydrates too. 
It is always that when metabolism of carbohydrates is on the rise, 
fat metabolism is towards fall and vice versa. This can be explained 
by means of two illustrations: (1) When insulin secretion is normal, 
glucose keeps on feeding the energy cycle (glycolysis) and its excess 
is stored as glycogen (glycogenesis). The fats under these conditions 
are not used for energy purposes, and they are stored in the adipose 
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Fig. 473 Rate of fat metabolism is inversely related to the 
rate of carbohydrate utilization. 
tissue, i.e. lipogenesis is at its height, katabolism of fats is lowest and 
anabolism is on the rise. (2) In the disease diabetes mellitus when 
insulin is not coming forth in sufficient quantity and carbohydrate 
katabolism is at its lowest, the growth hormone, adreno-corticoids 
and gluco-corticoids are produced in larger amounts and gear Up 
fat metabolism. Fats are subjected to ketogenesis and oxidation to 
yield energy for the body. Stored fats in adipose tissues are mobilized 
into the liver cells through the blood system. Briefly, in such circum- 
stances lipogenesis is at its lowest. 
. METABOLISM OF PROTEINS 

Proteins are ‘building materials’ and are the tools for the synthesis 
of protoplasm, enzymes, hormones, antibodies and many other kinds 
of secretions. Growth, repair and regeneration of tissues are directly 
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concerned with the metabolism of proteins. In contrast to fats and carbo- 

hydrates, anabolism of proteins is more important than its'katabolism. 
Anabolism of proteins—Proteins of the food are hydrolyzed to 

amino-acids which, are absorbed by the blood capillaries of the villi, 
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pass into the portal vein, are carried through the liver into the blood of 
the general circulation, and finally distributed to the tissues. The tissues 
select and store certain amino-acids and from them they synthesize their 
own specific proteins. Amino-acids not used in synthesis of protoplasm 
are broken down or deaminized in the liver. It is wrong to believe 
that deamination takes place only when amino-acids are in surplus. 
Protein synthesis is a complex process which involves DNA, the 
messenger RNA, the ribosomes on the rough endoplasmic reticulum, 
transfer RNA, the amino-acids, a number of enzymes, and ATP. 
There is no intention to repeat ‘protein synthesis’ here, it has been 
already dealt with the cell-physiology. Protein synthesis in the 
cells of the tissues is an important aspect of life. It is surprising 
that of about 2,000 kinds of enzymes in a cell, majority of them are 
proteins or at least have a protein part. Lymphocytes of blood 
synthesize special kinds of proteins called antibodies. Liver cells build 
up fibrinogen—essential protein for clotting of blood. Muscle cells 
produce myosin. Millions of our blood corpuscles are broken down 
every moment, their replacement is not possible without active protein 
synthesis. Repair and healing, too, require active protein synthesis. 
Katabolism of proteins—It has been emphasized over and over 
again that in abnormal conditions, when glucose is not coming forth 
from carbohydrate source for energy, body is forced to mobilize non- 
carbohydrate sources, such as firstly fats, then proteins. One such 
situation is diabetes mellitus. Protein katabolism is achieved in two 
stages. 
(1) Deamination—It takes place in the liver cells. Amino-acids 
are oxidized by means:of an enzyme oxidaze, which results in the 


removal of the amino group from the amino-acid and formation of 
ammonia and a keto-acid. For instance : 


H—N—H © O О 

Oxidaze 
босс > X0, ==: eee +NH, | 
UX NOH / S ammonia 
CH, H CH, H 


2 molecules of alaninc 2 molecules of pyruvic acid 


(a keto acid ) 

(2) Transamination—Ammonia is a harmful substance. It is 
transferred from an amino-acid to another organic acid. The whole 
series of reactions is termed *Ornithine cycle? (to be dealt with Excretory 
system) and results in the formation of urea in the liver cells. Urea 
is transported to the kidneys which remove it with the urine. 
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The non-nitrogenous portion of the amino-acid molecule, i.e., 
the keto-acid, left after deamination, is either pressed into Krebs 
cycle to release chemical energy, or synthesized into glycogen or into 
fat (glyconeogenesis and lipogenesis). 

Amino groups of amino-acids removed after deamination may be 
used for the synthesis of other amino-acids or formation of urea by the 
liver. In kidney, ammonia is formed from certain amino-acids and 
is used for the production of ammonium salts, sparing the sodium 
ions of the blood in maintaining acid-base balance (discussed in the 
physiology of urine). In skeletal muscles amino-acids are utilized 
to form creatine and creatine phosphate, the substances which have 
an active role in muscle contraction. 

Metabolism of Nucleoproteins 

Nucleoproteins are conjugated proteins and formed by the conju- 
gation of proteins and nucleic acids. They are found in the nuclei 
of cells as well as in the cytoplasm, and are abundant in the nucleated 
cells of the glandular organs, such as the liver, pancreas and thymus. 
Foods rich in nucleoproteins are kidney, liver, sardines, mutton, 
pork, chicken, spinach, asparagus and beans. During digestion 
nucleoproteins are broken down into proteins and nucleic acids, 
Proteins are then hydrolyzed to amino-acids. The nucleic acids 
give rise to substances known as purines. Uric acid is the end-product 
of the metabolism of purines, from which it arises as a result of oxida- 
tion; it is excreted in the urine. i 

Protein Nitrogen balance—A few years back it was believed. that 
deamination takes place only when there is an excess of amino-acids in 
the blood. Now it is known well that blood contains amino-acids 
at all times. Fasting does not free the tissues from them nor docs a 
high proteindiet result in any great increase in the blood ог tissues. 
Amino-acids are considered intermediary products in the anabolism 


and katabolism of body protein. 
down are thought to occur in al 


ime to time. For instance, t 
por zs is higher than the rate of protein synthesis. In ahealt hy 


d in hand at the same rate. = К 
E is ae ue also maintains what is known as nitrogen balance’, 
at there is a balance between the amount of protein 
e amount of nitrogen lost with urine, sweat and 


Nitrogen balance is disturbed in two conditions : 
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(i) When the katabolism of proteins, i.e. deamination and later 
oxidation of non-nitrogenous portion (keto acid) exceeds the synthesis 
of proteins (anabolism), then the excretory nitrogen also exceeds the 
amount of nitrogen taken with protein. The individual is then said 
to be having ‘negative nitrogen balance’. In fact, in this condition, 
the proteins of the food are broken down more to meet the energy 
requirements, rather than to build up protoplasm. Obviously body 
becomes weak, run down and diseased. 

(ü) Protein-rich food helps in keeping a ‘positive nitrogen balance’. 
Tissue cells actively synthesize specific proteins—anabolism over- 
powers katabolism. Body, therefore, gains weight, grows and keeps 
healthy. This can be clearly observed after recovery from a long 
illness or after pregnancy in women. 

Control of protein metabolism—Growth hormone (somatotropin) 
of pituitary and testosterone of testis both promote synthesis of pro- 
teins (anabolism). Counter effect, i.e. protein katabolism is stimulated 
by the glucocorticoids of adrenals which help the hydrolysis of proteins 
into amino-acids, deamination and oxidation of keto acids. Thyroid 
hormones affect protein metabolism in two ways : (a) so long as car- 
bohydrates and fats are available for katabolism, i.e. producing chemi- 
cal energy, the thyroid hormones promote protein synthesis from 
amino-acids, thus leading to growth; (b) when carbohydrate supply 
and reserves are finished and stored fats, too, have been utilized, pro- 

teins are subjected to gluconeogenesis to meet the demands of energy. 
Summary of Metabolism 


Food 


Carbo- 
hydrates 


Anabolism 


Permanent surplus is con- 
verted into glycogen (gly- 
cogenesis) in the presence 
of insulin in the liver and 
muscle cells and stored as 
such, otherwise soon con- 
verted into glucose (glyco- 
genolysis) as required. 

Real surplus converted 
into fat (lipogenesis) in the 
liver and stored in the adi- 
pose tissue. 


e 


Katabolism 


Oxidized in the presence 

of insulin (cellular respi- 
ration) producing 4°1 calo- 
ries energy per gm of 
glucose; water and carbon 
dioxide, released as €x- 
cretory products. 
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antibodies and other secre- 
tions. Blood proteins are 
synthesized in the liver. 
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Ford Anabolism | Katabolism 

Fats | Surplus stored in the adi- | Fatty acids broken дозуп 
| Pose tissue. | to keto acids in the liver 
| ‚ cells (ketogenesis). Keto- 
| , acids pressed into Krebs 
| | or citric acid cycle to 
| | yield energy, 9:3 calories 
| | per gram of fat. 

Glycerol converted into 
| glucose in the liver cells 
| | (gluconeogenesis) which 
i enters glycolysis (cellular- 
| respiration). 

Proteins ! Amino-acids assembled |  Amino-acids deaminated 
| into proteins (synthesis of | in the liver cells. Моп- 
| proteins) in the tissue cells. | nitrogenous part (keto 
| Specialized cells, besides en-| acids) converted into glu- 
! zymes, synthesize hormones, | cose (gluconeogenesis). 


Glucose enters glycolysis 
to unlock its energy, or 
converted into fat (lipo- 
genesis). Amino groups 
of amino-acids used for 
the synthesis of other 
amino-acids, or, converted 
into urea in the liver cells. 
Ammonia of certain amino- 
acids formed in the kid- 
ney used to form ammo- 
nium salts, thus sparing ` 
the sodium ions of blood 
in maintaining acid-based 
balance. 

Amino-acids utilized in 
skeletal muscles to form 
creatine and creatine phos- 
phate for muscle contrac- 
| tion. 
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=——=——————=—=——====—=——==—————————— EURO 


Food | Anabolism Katabolism 
i i S E 

Nucleo- Amino-acids fo nucleo- | Nucleic acids converted 

proteins proteins used to synthesize | into purines in the liver 
fresh nucleoproteins іп есі, which are then con- 
tissue cells. , verted into uric acid (ex- 

| cretory product). 

Vitamins, | 

Water and| USED ASSUCH | 

Minerals | : | 


—үө—}[үуү—ү—ү————————— 


Metabolic rate—It is difficult to measure the rate of anabolism, 
but katabolism can be measured. Thus, when we express the meta- 
bolic rate, it actually means the rate of katabolism. We can find 
out how much energy a living body is producing in a definite period 
of time and in known conditions, or what amount of energy an indi- 
vidual is consuming in a definite period of time. Energy is expressed 
in terms of calories. A calorie is defined as the amount of energy 
required to raise by 1°C the temperature of one kilogram or one litre 
of water. Metabolic rate is expressed in two ways: (1) energy used 
in working for one hour or one day, (2) actual rate which is more 
or less than the normal metabolic rate. 


The rate at which the body uses energy under normal conditions 
is called basal metabolic rate (BMR). By normal conditions it 1s 
meant that (i) the subject or the individual is lying quiet and relaxed 
in a comfortable position but not sleeping and not making muscular 
movements; (ii) the individual is in the ‘postabsorptive state’, i.e. 12 
to 18 hours have passed after the last meal, and (iii) the individual is 
relaxing in a room of comfortable temperature. Under the said 
conditions the subject is supposed to be using the least necessary 
amount of energy to carry out basal metabolism. 


Metabolic rate varies amongst individuals and depends upon 
several factors : 


(a) Size and weight—Basal metabolic rate increases with size and — 
weight of the individual as is shown below : j 


a 
: «d 
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Age in years Calories per hour per square metre body surface 
E Male |. Female 

10-12 51:0 | 50°0 

12-14 50°0 | 46:0 

14-16 46:0 43:0 

16-18 43:0 40:0 

18-20 41:0 38:0 

20-30 39:5 37:0 

30-40 39-5 36:5 \ 

40-50 ` 38:5 36:0 

50-60 37:5 | 350 

60-70 36:5 34:0 


(b) Sex—Usually the basal metabolic rate in men is higher than 
in women because the rate at which glucose is oxidized in men is 5 to 
7% higher than in women. A man of 1°65 metre height and 38-40 
kilogram weight has basal metabolic rate 5% higher than a woman 
of same height and weight. 

(c) Age—It is well known that the fire of youth gradually fades 
away with the advance of age. The basal metabolic rate decreases 


with the advance of age. À | 

(d) Thyroid hormone—Proper secretion of thyroid hormone is 
essential to keep the basal metabolic rate normal. Oversecretion of 
thyroid hormone increases katabolism and undersecretion lowers the 


metabolic rate. d 
(e) Temperature—It has а marked effect on the metabolic rate. 
Fever causes an increase by about 1394 per degree of rise, often 
beyond the energy supplied in the diet and the body tissues are uti- 
lized for energy. Similarly, a decrease 1n body temperature decreases 
decreasesthe amount of oxygen required. 


metabolic rate and, therefore, no x 
(f) Drugs— Caffeine, Benzedrine and dinitrophenol increase the 


metabolic rate. Librium and Campose lower the rate. 
Functions of Liver 


The liver performs many functions :— 2s : 
1. It secretes bile which is a green watery fluid containing bile 
pigments and bile salts. Bile helps in digestion by making an emul- 
sion of fats. Some liver cells also break down fats. : 

ds which are insoluble in water; bile 


i ts contain fatty aci 
de peces them making them soluble, so they can be absorbed. 
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3. It stores excess carbohydrates in the form of glycogen (glyco- 
genesis), a reserve food material which is changed into glucose when 
required (glycogenolysis). The glucose is normally released by the 
liver into the blood. At times, liver can convert proteins and fats 
into glucose by means of many complex chemical reactions. This 
specialized action in the liver is known as gluconeogenesis. 

4. Liver stores glucose as fats. If the blood glucose becomes 
higher than normal even after glycogenesis and catabolism, and if 
there is enough insulin available, the excess glucose is converted to 
fat and is stored as such. This action is termed lipogenesis. Un- 
fortunately from the standpoint of health and beauty, the amount of 
glucose the body can store as fat is virtually unlimited. 

5. Certain harmful excretory products such as ammonia and 
excess proteins are converted by the liver into urea (deamination) 
which is conveyed to the kidneys and eliminated as urine. 

6. By breaking down of haemoglobin of old red blood corpuscles, 
certain excretory products are formed which become green or red 


bile pigments. The liver removes these waste substances which go out 


with the bile into the duodenum and are passed out with the faeces. 

7. Inanembryo the blood corpuscles are manufactured by the liver. 

8. It stores inorganic salts of iron and copper. 

9. It forms and stores fibrinogen and prothrombin which are 
essential for the clotting of blood. It also forms heparin which pre- 
vents clotting of blood. 

10. Liver kills bacteria and eliminates foreign substances from the 
blood, some of these bacteria come from the large intestine. : 

11. Liver produces heat during a number of exothermic chemical 
reactions taking place in it. Rise in body temsperature after meals 
and during sleep is partly due to the activities going on In the liver. 


12. Liver detoxifies certain harmful substances and metabolites, 


i hormones in- 

i it renders alcohols, anaesthetics, and sex 

У cells produce a harmful metabolite called prussic 
acid iter converts it into harmless potassium sulphocyanide. 

13 With the help of phagocytic Kupffer cells, the liver helps 


removing some foreign and dead substances. 
Questions à A E 
he i ans in the pancreas are amaged, how 
i посна Үч xum the metabolism of carbohydrates ? 
2. Discuss the terms : A 
а glycogenolysis and gluconeogenesis 
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13. 


14. 


15. 


16. 


ANIMAL BIOLOGY 


Discuss the control of carbohydrate metabolism. 
Discuss the role of liver in the metabolism of carbohydrates. 


Why do the doctors suggest reduced quantities of potatoes and 
rice to reduce fats from the body ? 


Discuss the statement ‘Rate of fat metabolism is inversely 
related to the rate of carbohydrate utilization’. 
Give an account of the Katabolism of proteins. 
What do you understand by BMR ? What is your BMR ? 
Discuss the factors taken into consideration in determining the 
basal metabolic rate. 
Write a short essay on the ‘Liver is a great chemical workshop’. 
Enumerate the functions of liver. 
Whereas digestion basically means the breakdown of complex 
food into simpler products, but metabolism means : 

building up of complex food from simpler raw materials / 
of food by the carbohydrates for the release of energy / utilization 
breakdown of body after absorption*. 
Mr. M has low appetite. Does it mean : 
(a) he has high blood pressure, or (b) has fever, or (c) *has 
high level of blood sugar, or (d) *low rate of glucose utiliza- 
tion, or (e) has a small stomach. 
Mr. Saxena, who weighs 85 kg, is 160 cm tall and is 52 years of age; 
has been given a reducing diet (rich in proteins and carbohydrates 
but low in fats) by his doctor. Mr. Saxena complains to Mr. 
Mathur that he “knows it won't work because it isn’t what be 
eats that makes him fat". As a proof, he tells that both his wife, 
his nephew and his wife's younger sister *eat twice as much'. What 
is wrong with Mr. Saxena? 

Mr. Saxena had been taking 

A lot of fats / lot of carbohydrates*/ his islets of Langerhans 
are ageing / abnormally high quantities of insulin are circulating 
in his blood*. 


Carbohydrate metabolism, besides insulin, is controlled by hor- 
mones like : 


gonadotropins / glucagon*/ adrenocorticoids*/ TSH*| thyroid 
hormone*/ secretin. 
Which cells in the liver are analogous to neutrophils of blood @ 
(Kupffer cells) 
What name would you give to the action of liver by which it 
tenders anaesthetics and alcohols less harmful ? 


е 
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Diabetics lose weight because there is— 

(i) less glycogenesis, (ii) less lipogenesis*, 

(iii) less gluconeogenesis. 

At what levels of blood sugar will diabetes be confirmed : 
(i) 250 mg/100 ml blood ofter 14 hrs of lunch, 

(ii) 150 mg before breakfast*, 

(iii) 180 mg four hours after lunch*. 

Kupffer cells are involved in : 


hagocytosis*/ toxin secretion/ enzyme synthesis/ sensory acti- 
vi ү | (СРМТ-1988) 
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CHAPTER 33 


VASCULAR SYSTEM 


e t —MÓ 


It is built on the same plan as in the frog and functions in a similar 
way. The system comprises a pulsating heart, arteries and veins in 
which red blood circulates. Correlated with the blood system is the 
lymphatic system. 


The Heart 


External form—The heart is conical in shape, its apex is 
posterior and slightly to the left. Heart is completely enclosed 
by a membranous pericardium. 1 has no sinus venosus or 
truncus arteriosus, the former has become absorbed into the right 
auricle and the latter into the ventricle. Heart of rabbit is four- 
chambered having two auricles completely separated by an inter- 
auricular septum, and two ventricles completely separated by an 
inter-ventricular septum. The line of separation between the two 
ventricles can be seen externally as an oblique groove extending 
from the top of the heart towards the right, but not reaching the 
apex, which is formed by the left ventricle only. Each auricle is 
Produced into a flap or auricular appendix which envelops the 
top of the corresponding ventricle. Right auricle receives venous 
blood from all parts of the body, except the lungs, by way of two 
Superior. venae cavae (precavals) and an inferior vena cava 
(postcaval). Left auricle receives oxygenated blood from the lungs 
through pulmonary veins. Aortic arches arise from the two 
ventricles, a pulmonary aorta from the right ventricle and a carotico- 
Systemic aorta from the left ventricle. 


v 
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RIGHT COMMON CAROTID 


LEFT COMMON CAROTID 


RIGHT SUBCLAVIAN 
LEFT SUBCLAVIAN 


PRECAVALS 


PULMONARY AORTA 


RIGHT AURICLE 
LEFT AURICLE 


past CAVALCTNY 


EFT VENTRICLE 


Fig. 476 Heart of rabbit (ventral view). 

Internal anatomy—The auricles have thin walls; they are 
separated from each other by an inter-auricular septum. On 
this septum lies a small oval area called fossa ovalis which in the 
embryo has an aperture, the foramen ovalis, through which the two 
auricles communicate with each other and blood goes from the right 


to the left auricle without entering the lungs which are functional 


only after birth. Foramen ovalis becomes closed before birth. 


Right auricle receives venous blood by way of two precavals and a 
postcaval vein through separate openings. A membranous fold 
called Eustachian valve extends into the right auricle from ш 
fossa ovalis to the openings of the postcaval and left кел E 
In the embryo this valve is used to direct the blot se с 
postcaval, through the foramen ovalis, into the left auricle. ЧЕП 
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auricle leads into the right ventricle by an opening guarded by a 
flap-like right atrio-ventricular valve or tricuspid valve; it has three 
cusps or flaps and is attached to papillary muscles of the ventricular 
wall by means of strong threads called chordae tendineae. Papillary 
muscles are continuations of columnae carneae which line the ventricles. 
Tricuspid valve allows passage of blood from right auricle to the right 
ventricle, but it prevents a reflux from the ventricle into the auricle 
because of chordae tendineae. 

Left auricle receives oxygenated blood from the lungs by way of 
two pulmonary veins opening into it by a common aperture. it commu- 
nicates with the left ventricle by an opening having a left atrio-ventricular 
or bicuspid valve or mitral valve having chordae tendineae attached to 
papillary muscles. This valve has two cusps but its papillary muscles 
are stronger. Biscuspid valve allows blood from the left auricle to flow 
into the left ventricle, but it closes the opening when the ventricle 
contracts. The valves between auricles and ventricles are membranous 
in mammals, while in frog, they are muscular. 

Ventricles have thick muscular walls made of cardiac muscles. 
A network of specialized cardiac muscle fibres called bundle of His is 
distributed in the walls of the ventricles. Right ventricle partly 
surrounds the left ventricle. Cavity of the right ventricle is crescentic 
in transverse section and its walls are less thick than those of the left 
ventricle, as it has to pump blood only into lungs. Pulmonary aorta 
arises from the right ventricle and carries blood to the lungs, its origin 
in the ventricle is guarded by three semilunar valves that prevent 
a reflux of blood into the ventricle when the latter relaxes. 

Left yentricle has a small, round, but irregular cavity and very 
thick muscular walls because it sends blood to every part of the 
body, except lungs, by way of the carotico-systemic aorta whose 
opening is guarded by three semilunar valves. . 

Working of the heart—Heart muscles have two important 
physiological properties. (1) They contract rhythmically and the 
contraction continues without external stimulation from nerves. 
(2) They have a long refractory period, i.e., following one contrac- 
tion the next will not start till the whole has relaxed, or there is а 
short pause between two contractions. This property enables proper 
timing of the beats of various parts of the heart. 

The right auricle in its diastolic phase receives venous blood from 
venae cavae, and the left auricle receives oxygenated blood from 

„Ше lungs. Just now the atrio-ventricular valves (AV-valves) are open 


€ 
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INNOMINATE 
PRECA Ё y 
VAL LEFT SUBCLAVIAN 


EUSTACHIAN LIGAMENTUM 
ALVE A ARTERIOSUM 


E PULMONARY AORTA 
| Ц AURICULO 


ENTRICULAR 
NODE 


PULMONARY 
vEINS 


BICUSPID vALVE 
LEFT VENTRICLE 


RIGHT VENTRICLE 
CHOROAE 
TENDINEAE 


PAPILLARY MUSCLES 


Fig. 477 L. S. of the heart of rabbit (diagrammatic). 


and bloods of atria flow into the respective ventricles. Partial empty- 
ing of atria and partial filling of ventricles initiates a wave of contra- 
ction. Soon a wave of contraction originates from a ‘pacemaker’ or 
contraction centre called the sinu-auricular node. This is a patch of 
muscles having nerve fibres and cells, it lies in the wall of the right 
auricle close to the point of entry of the precavals and postcaval. Sinu- 
auricular node is supplied by fibres of the vagus (parasympathetic) which 
secrete acetylcholine, and an accelerator nerve (sympathetic) which 
secretes sympathin. Whereas sympathin accelerates the heart beat, 
acetylcholine slows it down. The contraction originates spontaneously 
in the node but its frequency is controlled by the nerves, the vagus 
decreases and the accelerator increases the rate. The wave of contrac- 
tion spreads into the two auricles along the muscle fibres ( myogenic 
heart ) that fan out from the S-A node. Thus, both auricles contract 
simultaneously and the remaining atrial blood goes to the ventricles. 
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While the auricles are relaxing, another wave of contraction begins 
from the proximal end of the ventricles, since there is no continuity 
of the muscles between auricles and ventricles. and the same wave 
of atrial contraction cannot pass into the ventricles. Ventricular 
contraction originates from another contraction centre situated on 
the inter-auricular septum, it is known as an atrioventricular 
node; it is stimulated by the wave of excitement sent by the 
sinu-auricular node, and its excitation travels to all parts of the 
two ventricles through two bundles of specialized muscle fibres of 
the bundle of His, in the ventricular septum and thence into the 
walls of the ventricle through a network of fibres called Purkinje 
fibres. Consequently, the two ventricles contract. Any interference 
_ їп the conducting system of the wave of contraction from the pace- 
maker, either by mechanical obstruction or by degeneration due to a 
disease, affects the heart beat. The defect is called ‘heart block’. It 
can be set right temporarily for a period of a few years by means of 
a transistorised device. The device is implanted in the chest muscles. 


LEFT AURICLE 


PRECAVAL 


SINUAURICULAR 
NODE (SAN) 


LEFT VENTRICLE 


RIGHT 
AURICLE 


RIGHT VENTRICLE 


INTERVENTRICULAR 


SEPTUM BUNDLE OF HIS 


Fig. 478 Myogenic heart of a mammal showing pacemaker the AV-node 
and fields of their control. 
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The electrodes from the device (called pacemaker) are inserted into 
the conducting system. Electrical stimulations from the device feed 
the conducting system which begins to function normally. 

When the ventricles contract (systole), papillary muscles pull 
the chordae tendineae of tricuspid and bicuspid valves and close 
the auriculo- ventricular openings, hence no blood can reflux into 
the auricles, the only way left for the blood in each ventricle is 
to force the semilunar valves of the aortic trunks and pass into 
them. Thus, the oxygenated blood from the left ventricle goes into the 
carotico-systemic aorta, and the deoxygenated blood from the right 
ventricle goes into the pulmonary aorta. When ventricles relax 
(diastole), the auricles are again filled with blood which passes on 
to respective ventricles passively before a wave of contraction starts 
again after a short pause at the S-A node.  Auricles and ventricles 
contract and relax alternately. 

The powerful contractions of ventricles are called heart beats. 
The characteristic ‘heart sounds’, nicknamed ‘lub-dub’, are due to 
the powerful closure of valves. The first sound is produced when 
ventricles contract powerfully forcing the A-V-valves shut, so that 
blood cannot return into the auricles. After the blood of the ventricles 
has been thrust into the aortae, the right pulmonary aorta and the 
left carotico-systemic aorta, the semilunar aortic valves shut with a 
bang, accounting for the second sound of the heart. The heart in 
a healthy adult human beats approximately 1,00,000 times a day. 

Besides collecting the deoxygenated blood from the organs of the 
body and pumping out blood to lungs and the body-organs, the 
heart has yet another role—the role of an endocrine centre controlling 
blood pressure and blood volume. Normally, the blood pressure and 
the blood volume are controlled by two regulatory mechanisms: first, 
by the hormone aldosterone secreted by the adrenal cortex, and second, 
the filtration mechanism of blood by the kidneys (Chap. 38). It was 
discovered that even when there was no change in the above mecha- 
nisms, the distention of atria of the heart caused increased excretion 
of sodium and water. Obviously, the heart itself had some еы а 
of its own to control blood pressure and blood volume. A. J. 5 
Bola and Н. Sonnenberg discovered that the heart operated its “own: 

А i of its own production called atrial 

control mechanism with a hormone that Nigam (1981) 

magnetic tae A Doer e frog Raná tigerina 

i arlier that the glandula 2 NA 
EN RM controlling the blood pressure (Chapter 10). 
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Comparison of the Heart of Frog £nd Rabbit 


Frog's heart Rabbit's heart 


LL d—————————————À———— 
1. Venae cavae open into the | 1. Venae cavae open directly in- 


sinus venosus. . to the right auricle because 
sinus venosus becomes absor- 
bed into the right auricle. 

2. Valves between auricles and 
ventricles are membranous. 

3. Ventricle is completely divided 
by an inter-ventricular septum. 

4. There is a well-developed | 4. Truncus has split up and has 
truncus arteriosus from which been absorbed in the ventric- * 
aortic arches arise. les, and the aortic arches arise: 

directly from the ventricles. ` 

5. The blood from the body and | 5. There is a complete separation 
lungs is mixed in the ven- of the two types of blood. 
tricle. І 

6. All. the arches аге ѕутте- 
trical. 


2. Auriculo-ventricular valve is 
muscular. 
3. Ventricle is not divided. 


6. Arches are asymmetrical since 
only left systemic is present 
and both carotids arise from 
the innominate. 


. T. There is only one contrac | 7. There are two, contraction 
‘tion centre," the sinu-auri- | centres, а — sinu-auricular 


cular node, on the sinus | node on the right auricle and 
venosus. i an atrio-ventricular node on 
: | the inter-auricular septum. 

Blood pressure—Blood pressure is measured with the aid of an 
apparatus known as sphygmomanometer (invented in Italy in 1896 by 
Dr. Scipione Riva-Rocci) which makes it possible to measure the 
amount òf air pressure that will equal the blood pressure in an artery. 
The measurement is made in terms of how many millimetres high the 
air pressure raises a column of mercury in a glass tube. The sphyg- 
momanometer consists of a rubber cuff attached by a rubber tube 
to a compressible bulb (hand pump) and by another tube to a column 
of mercury that is marked off in millimetres. The cuff is wrapped 
round the arm over the brachial artery, and air is pumped into the 
cuff by means of the bulb. In this way air pressure is exerted against 
the cutside of an artery. Air is pumped in until the air pressure 
exceeds the blood pressure within the artery or, in other words, until 
it compresses the artery. At this time no pulse can be heard through 


_ a stethoscope placed over the brachial artery at the bend of the elbow 
~ along the inner margin of the biceps muscle, 


: gee 
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' By slowly releasing the air in the cuff by means of a knob just 
near the hand pump, the air pressure is decreased until it appro- 
ximately equals the blood pressure within the artery. At this point 


MERCURY 
4 MANOMETER 


NS SPHYGMOMANOME'TrE« 
HAND 
PUMP 


Fig. 479 Blood pressure measurement. by sphygmomanometer. 
i lood comes through, 

the artery opens slightly and a small gush of b 
ЕТЕ the first tap-like sound. This is followed by increasingly 
louder sounds which suddenly change, becoming slower, then dis- 


- о altogether. The doctor or nurse must train himself / her- 
RAIN od different sounds and simultaneously to read the 
- column of mercury since the first taplike sound represents the systo- 
lic pressure. Systolic blood pressure is the force with which the blood 
is pushing against the wall of the artery when the ventricles are соп- 
tracting. The lowest point at which the sounds can be heard, just 
before they ‘disappear, is approximately equal to the diastolic blood 
pressure, OF the force.of the blood when the ventricles are relaxed. 
lic pressure gives valuable information about the force of the left 
Systolic p: re gives ‘the information about the resis- 


А iastolic pressu: ) ^ 
eee n fired eei Medically, diastolic pressure is more im- 

tant than systolic pressure because i indicates the strain or pres- 
por hich the walls of the blood; vessels are.constantly subjected. 
sure to т in the arteries of the average adult ехегїз а pressure equal 
© F: Sa of mercury. about 120 mm ыз glass’ tube ДИ 

f the ventricles, and 80 mm high during their diastole. This is 

e scitis YÀP. of 120/80: Tt should be clear now that the blood 
ex ME 4 


ab 
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pressure fluctuates considerably during each heart beat. The difference 
between systolic and diastolic pressure is called pulse pressure. Electronic 
pressure recorders are now available which do not need a stethoscope. 

The pulse—Pulse is defined as the alternate expansion and recoil 
of an artery. The pulse is due to intermittent injections of blood from 
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Fig. 480 Arterial system of rabbit. 
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the heart into the systemic aorta, which alternately increase and 
- decrease the pressure in that vessel, and due to the elasticity of the 
arterial walls which makes it possible for them to expand with each 
injection of blood and then recoil. Each ventricular systole starts a 
new pulse which proceeds as a wave of expansion throughout the 
arteries and is known as the pulse wave. It gradually lessens as it 
travels, disappearing entirely in the capillaries. The pulse can be felt 
wherever an artery lies near the surface and over a bone or other firm 
background. The most common is the radial artery at the wrist, other 
places are brachial artery at the bend of elbow along the inner margin 
of the biceps muscle, and the femoral artery in the middle of the groin. 


Arterial System 


The arteries form two distinct systems, an aortic system which 
conveys oxygenated (arterial) blood from the left ventricle to all 
parts of the body, and a pulmonary system carrying deoxygenated 
(venous) blood from the right ventricle to the lungs. The pulmonary 
aorta arises from the right ventricle and it runs in front and arches 
over the left auricle, then it divides into two pulmonary arteries, 
each going to a lung. 

Pulmonary aorta in the embryo communicates with the carotico- 
systemic aorta by a thin vessel called ductus arteriosus which gets closed 
in the adult and its remains form a ligamentum arteriosum on the left 
side (Fig. 477). The carotico-systemic aorta is found only on the left 
side in mammals. The first vessels to leave this aorta are small right 
and left coronary arteries supplying blood to the walls of the heart. 
They take off from the aorta just beyond the semilunar valves. 
An innominate artery arises from the aorta and it soon divides into 
a right subclavian and right and left carotid arteries. The two carotids 
are long and are called common carotids; they run through the neck 
along each side of the trachea, then each divides into a small internal 
carotid which enters the skull and supplies blood to the brain, and an 
external carotid which takes blood to the back of the head, tongue, 
salivary glands and jaw musculature. The aorta after arching to the 
left gives off a left subclavian artery, thus the origin of the two subcla- 

ians is different; the right subclavian arising from the innominate, and 
ae belavian from the aorta. Each subclavian divides into three main 
left E :—(a) brachial artery going to the fore limb, (b) a vertebral 
brane >F to the vertebrarterial canals of cervical vertebrae and 
uS the spinal cord and brain, (c) internal mammary artery going 
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Y 
to the ventral thoracic muscles, then to the abdominal muscles as a 
superior epigastric artery. The aorta then turns left and forms a 
dorsal aorta, there being no right aorta. In the thorax, a series of 
small. paired intercostal arteries arise and run outwards between the 
ribs. Below the intercostals, a few phrenic arteries arise from the 
dorsal aorta and they go to the diaphragm. 

‘Immediately behind the diaphragm arises a median artery, the 
coeliac; it runs in the mesentery and divides into a hepatic artery 
going to the liver, and a lineo-gastric artery going to the stomach 
and spleen. Behind the coeliac a large median anterior mesen- 
teric artery arises from the dorsal aorta, it divides into several 
branches which run in the mesentery and supply the duodenum, 
pancreas, ileum, caecum and colon. A pair of renal arteries arise 
from. the dorsal aorta and go to the kidneys, the right renal arises just 
behind the anterior mesenteric and the left one a little farther back. 
-- A median artery, the posterior mesenteric, arises behind the 
anterior mesenteric, it supplies the lower part of the colon and 
rectum. A little in front of the posterior mesenteric is a pair of 
gonadial arteries. In males they are known as the spermatic 
arteries; they run backwards and supply the’ epididymis and vas 
deferens, then: they run as much-twisted vessels to the testes. In 
female they are ovarian arteries which run outwards to the ovaries. 
Behind the posterior mesenteric two small lumbar arteries arise 
from the dorsal aorta and go to the dorsal body wall. The dorsal 
aorta then divides into two common iliac arteries. A median 
continuation of the aorta goes to the tail as the caudal artery. 
Near the origin of each common iliac artery arises an ilio-lumbar 
artery that supplies the muscles of the back. Each common iliac 
then divides into an internal iliac or hypogastric, supplying the 
organs of the pelvis, and an external iliac supplying the hind limbs. 
A small vesicular or umbilical artery arising from the common iliac 
supplies the urinary bladder and also the uterus in female. The 
external iliac continues into the leg as the femoral artery. 


Venous System 


Corresponding to coronary arteries are coronary veins which drop 
venous blood from the muscles of the heart into the terminal part of 
left precaval vein. A pair of large pulmonary veins bring oxygenated 
blood from the lungs by a common opening into the left auricle. 
(10 some other mammals, each pulmonary vein opens into the left 
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auricle independently). Venous blood from all other parts of the 
body is collected by a pair of precavals and a single postcaval which 
open into the right auricle separately. 

The drainage from the front part of the body is mainly by two 
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Fig. 481 Venous system of rabbit. 
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large external jugular veins, one on each side, which bring blood 
from the tongue, jaws and muscles of the head. The two external 
jugulars are connected in the rabbit by a transverse jugular anas- 
tomosis in the neck. Each external jugular receives an internal 
jugular which brings blood from the brain and neck. External 
jugular vein on each side joins a large subclavian vein from the 
shoulder and fore limb. These three veins form the precaval vein on 
each side which opens into the right auricle. Venous blood from the 
anterior intercostal spaces of each side is collected by an anterior 
intercostal vein which joins the precaval. From the posterior inter- 
costal spaces and lumbar region arises an unpaired azygos cardinal 
vein opening into the right precaval. The azygos vein is absent on 
the left, but a few small veins form a hemiazygos vein on the left 
which ‘crosses to join the azygos through a transverse anastomosis, 
its connection with the left precaval being lost. 
An external iliac vein from the back of the thigh enters the abdo- 
minal cavity. Internal iliacs or hypogastrics of the two sides unite 
along the middle line to form a common hypogastric vein which 
soon receives the two external iliacs, and a caudal vein bringing 
blood from the tail. Union of the common hypogastric and the ex- 


ternal iliacs forms the postcaval vein. External iliacs also receive 


blood from the abdominal wall, the bladder and the uterus in female. 


A short vesicular vein drains blood from the urinary bladder into 
the common hypogastric. The venous blood from the legs and tail 
passes directly into the postcaval without entering the kidneys; this 
arrangement has eliminated the renal portal system in mammals. 
_ The Postcaval then proceeds forward and passes through the liver, 
it then pierces the diaphragm to enter the right auricle. Along its 
way to the heart it receives several veins which are :— 

(1) Paired ilio-lumbar veins from the muscles of the back. 

(2) A pair of small spermatic (or ovarian in female) veins come 
from the gonads. The left sper. 


matic or ovarian at times opens into 
the left renal or ilio-lumbar vein. 


(3) A pair of renal veins collect 
and kidneys, there being no renal portal system. 

(4) ` Paired hepatic veins collect blood from the liver and open 
into that part of the postcaval which is embedded in the liver. 

(5) Paired phrenic veins come from the diaphragm. 

Blood from the alimentary canal is collected by a hepatic portal 


blood from the suprarenal bodies 


© 
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vein which takes the ood into the liver. Hepatic portal vein re- 
ceives the following veins from the alimentary canal:— 

(a) A lineo-gastric vein bringing blood from the stomach and the spleen. 
(b) Duodenal vein from the duodenum and pancreas. (c) An anterior 
mesenteric vein from the ileum, caecum, colon and part of the rectum. 
(d) A posterior mesenteric vein from the lower part of the rectum. 

It can be seen that the veins form three distinct systems commu- 
nicating- with each other only through capillaries and containing 


different kinds of blood. 
l. A system of three venae cavae and the veins opening into 
them, they bring venous blood from the body and liver. 

2. Hepatic portal system bringing food-laden blood from the 
alimentary canal, pancreas and spleen into the liver. 

3. Pulmonary system bringing arterial blood from the lungs into 
the left auricle. 


~~. 


Comparison of Blood Vessels of Frog and Rabbit 


Frog 


Rabbit 


ARTERIES 


. Aortic arches originate from 


the truncus arteriosus. 


„ There are two systemics and 


two carotids separate from 
each other. 


3. Dorsa!-aorta is formed by the 


union of two systemics. 


1. There 


being no truncus, 
the aortic arches originate 
directly from the ventricles. 


. There is only the left carotico- 


systemic arch which gives 
rise to innominate, caro- 
tids and subclavians. 


. The left aorta only forms 


the dorsal aorta. 


4. Blood is supplied to the ali- | 4. Coeliac and two mesenteric 
mentary canal by the coelia- arteries are separate vessels 
co-mesenteric. going to alimentary canal. 

5. Renal arteries are in several | 5. Only one pair of renal 
pairs. з arteries. 

6. There being no diaphragm | 6. Phrenic to diaphragm and 
and tail in frog, phrenic and a caudal artery to the tail. 
caudal vessels are absent. > 

7. A pulmocutaneous arch arises | 7. A pulmonary aorta arises 


from the truncus arteriosus. 
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Frog Rabbit 
VEINS 
1. The venae cavae open into the | 1. Venae cavae open directly 
sinus venosus. into the right auricle. 
There is no sinus venosus. 
2. Frog has well-developed renal | 2. The renal portal system 
portal system, receiving veins has been eliminated be- 
from the posterior region. cause veins from legs and 


tail directly join the post- 
caval. 


3. Anterior abdominal vein is | 3. No anterior abdominal 
present. vein. 

4. Renal veins are in several | 4. Only a single pair of renal 
pairs. veins. 


5. Postcaval vein is formed by 


. Postcaval is formed by two 


several renal veins. internal iliacs, two external 
iliacs and a caudal. 
6. There is no azygos vein. 6. Right precaval receives an 


azygos vein. 
т“ 


Circulation of blood—In mammals, there is a complete separation 
of venous blood from the arterial blood, the former is in right half and 
the latter in the left half of the heart. Ina complete circuit through 
the body, the blood passes twice through the heart, once through its 
right side and thence through its left. This type of circulation is known 
as double circulation. A complete division of the ventricle ensures 
that there is no mixing of oxygenated and deoxygenated blood. 

i Blood circulates from carotico-systemic aorta—arteries—organs— 
veins—precavals and postcaval—right auricle—right ventricle—>pul- 
monary aorta and arteries—lungs where venous blood is oxygena- 
ted—spulmonary veins—left auricle—lcft ventricle—scarotico syste- 
mic aorta. 

l Blood of a mammal is like the blood of a frog in all essentials, but 
it shows certain differences. (a) Erythrocytes of frog are large 
(16 - 23m), oval and with biconvex nuclei; in mammals, the erythro- 
cytes are small (7:5џт), circular and biconcave, and have no nuclei 
except in camels where they are oval and non-nucleated. (b) Amphi- 
bia have about 40 lakh erythrocytes per cubic mm., while mammals 
have about 50 lakhs per cubic mm. (c) Thrombocytes of frog are 


~ 
Жы ^ 
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Fig. 482 Diagrammatic representation of double circulation of blood. 


spindle-shaped and nucleated, but the blood platelets of mammals are 
round and non-nucleated and smaller than the r.b.c.. 


Lymphatic system 


The red blood corpuscles never leave the blood vessels, but the 
plasma and leucocytes escape from blood capillaries into the tissues. 
This colourless portion of blood without its erythrocytes and heavy 
blood proteins is called lymph. The lymph carries food and O, to 
cells of the body, and it takes substances from tissues to re-enter 
blood by means of lymphatic vessels, though some lymph enters the 


venous capillaries by osmosis. 
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Thin-walled anastomosing lymph capillaries form a network in 
every organ: (except nervous system), they start from minute knob- 
like blind ends. Lymph capillaries join to form lymph vessels or 
lymphatics which have thick: walls and contain valves in pairs. The 
valves are more numerous than in veins, they allow lymph to flow 
away from the tissues, but prevent a back flow. Because of great 
permeability of lymph capillaries, colloids, tissue debris and foreign 
bacteria are carried away with the lymph. The small lymph capilla- 
ries in villi of intestine are called lacteals which absorb digested fats; 
fats give the lymph a milky-white colour and this milky fluid is called 
chyle. 

At several places along the lymph vessels are lymph nodes (wrongly 
called lymph glands); they occur in mammals but not in the frog. 
Lymph nodes are masses of 
lymphatic tissue and connective 
tissue containing lymphocytes 
and many lymph capillaries. 
In man and rabbit lymph 
nodes occur in the head, neck, 
arm-pits, knee, groins and near 
large blood vessels, they also 
form the tonsils and  Peyer’s 
patches on the intestine. 

The lymphatic system of 
rabbit has networks of lymph 
capillaries in organs, they join - 
to form lymph vessels which 
anastomose in lymph nodes. 
All the lymph vessels of the 
posterior parts of the body, 
and from the left side of the 
head, neck, and thorax join a 
thoracic duct lying below the 
vertebral column. The lower 
end of the thoracic duct joins 
a large sac called cisterna chyli 
lying below the diaphragm. 
Cistena chyli is often called 
the ‘second heart’. The thoracic 


; Fig. 483 Di E 2 
‘duct opens into the left external Е wae aie coer of 


In the neck 


miin the arm pits 


Thoracic duct 


Nodes at elbow 


Cisterna chyll 


In the groins 


Nodes at knee 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


d gu a ee eee ax DEM E EI 


4. 


t 
,} VASCULAR SYSTEM 653 


\ 

jugular vein where it Dins the subclavian vein. The lymph vessels 
from the right side of the head and neck, and from right arm, and 
right side of the thorax open into a right lymphatic duct which joins 
the right external jugular vein where it joins the subclavian vein. 

There are no lymph hearts in mammals, the slow-moving lymph 
is propelled through the lymph vessels and nodes by body muscles, 
and by pressure in smaller vessels due to osmosis and by absorption 
of tissue fluids. The lymphatic system differs from the blood vascu- 
lar system in being an open system because it has lymph spaces 
between tissue cells; moreover, lymph flows in only one direction, 
that is from the tissues towards the heart, hence its capillaries and 
lymph vessels are equivalent to veins, thus it does not form a complete 
circuit, as the blood vascular system does, because lymph goes from 
tissue cells to the veins of the blood system. 


Questions 


1. Give an illustrated account of the heart of rabbit and show the 
course of blood through it. 

2. Discuss the role of ‘pacemaker’ in the working of the heart of 
a mammal. 

3. Give the exact location of these structures : Bundle of His, 
atrio-ventricular node, Eustachian valve, ductus arteriosus, 
semilunar valves and phrenic arteries. 

4. How does heart itself receive its blood supply ? 

5. Frog has two systemic arches but rabbit has only one, yet 
rabbit's heart is believed to be advanced when compared with 
frog's heart; why ? 

6. Explain ‘double circulation’ in the mammals. 

7. Describe the lymphatic system of rabbit. 

ired vein in rabbit is the : 

К An ара njazygos/caudal/ all of these*. 

9. A vein of rabbit which empties not in the vena cava, but into 
another vein is : : 

hepatic vein/internal mammary/azygos/hemiazygos*. 


E tendinae are : 
^ C fibres/tendons*/elastic chords/nerve fibres. 


К ure is measured with : 5 
ш Blood er ope/sphygmomanometer* /manometer/barometer. 
12.. The first tap-like sound heard at the time of measuring blood 
resents— А : : 
еа blood in the artery/systolic pressure*/diastolic 
pressure. 
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Pulse wave is caused by the systole of:the— 
ventricle*/diastole of ventricle/both/none of them. 

The electrodes of the “pacemaker” are inserted into the— 
aorta/auricle/ventricle/conducting system*. 

Purkinje fibres of the conducting system are placed in the: 
sinuatrial node/interventricular septum/atrio-ventricular node/ 

ventricular walls*. 

Which of the following is analogous to nerve in the heart :— 
atrium/ventricle/pacemaker/Purkinje fibres*. 


What does ANF stand for? 

ANF is— 

(a) an antibody, (b) the hormone of the heart,* 
(c) a vitamin, (d) an enzyme. 

The first heart sound is caused by the closing of— 

(a) Eustachian valve, (b) right A.V. valve, 

(c) left A-V valve, (d) both A-V valves*. 


At the time of filling of atria the— 

(a) A-V valves are shut, (b) A-V valves are open*, 
(c) A-V valves open and shut momentarily. 

Which one of these accounts for the heart sound— 

(a) S-A node, (b) semi-lunar aortic valves*, 
(c) bundle of His, (d) papillary muscles. 
Cisterma chyli is a bag containing— 

bile / lymph* / enzymes / excretions. : 

If a hole is present in the ventricular Septum, then— 


(a)' all the ventricular blood will pass into the carotico-systemic 
aor 


ta, 
(b) no blood will rise into the aortic trunks, 
(c) mixed blood will reach the body*. 


Blood pressure is measured usually from the— 
brachial artery*/brachial vein/external carotid artery/coronary 


Number of rbc per unit volume of blood is likely to be higher 
in a person living at higher altitudes, because : 

. air is cleaner and unpolluted air is less dense* / more sunshine 
is available / vegetation gives out more oxygen. (CPMT-1984). 
A renal portal system is found in : 


rabbit/ man/ frog*/ horse. (CPMT-1985) 
The blood leaving the lungs is richer than the blood entering the 
lungs in : dig 

CO,/ Н. H,O / O,*. (CPMT-1986) 
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VOCAL AND BREATHING 
SYSTEM 


Vocal Organs 


The pharynx opens by a glottis into a larynx which leads into a 
trachea. Because of a neck the trachea is a long tube, it is supported 
by a series of C-shaped rings of elastic cartilage which are incomplete 
dorsally. The gap is made good by the oesophagus running dorsal 
to the trachea. The gap in the tracheal rings allows considerable 
distention of the trachea. 
In the larynx are four 
supporting cartilages. EPIGLOTTIS 
Largest cartilage is the 
thyroid in the form of a . , 
broad ring incomplete THYROID 
dorsally. Cricoid carti- uc 
lage is a complete ring,  carvncea. М Ñ 


А GLOTTIS 


broad on the dorsal side CHAMBER 
but narrow on the ventral ERIS 
side, dorsally it lies at the CRICOID 


base of the thyroid. А 
pair of smaller cartilages 
called arytenoids articu- 
late with the cricoid, they 
lie above the thyroid, in front of the cricoid. Each arytenoid ends in 
front as a nodule called cartilage of Santorini. Larynx is thus supported 
' by thyroid, cricoid, and arytenoid cartilages. In front of the glottis 
and arising from the ventral edge of the thyroid is an elastic carti- 
laginous epiglottis. When swallowing food, the epiglottis stands 
erect and the larynx is raised, so that the glottis is covered by the 


~ 


Fig. 484 Larynx of rabbit (dorsal). 
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I х 
epiglottis and tongue, thus preventing food froni entering the glottis. 


Lying inside the larynx 

is a pair of elastic false vocat co 
membranes, the true : 
vocal cords, extending 
between the thyroid 
below and  arytenoids ericrottis 
above. The portion of 

the larynx in which true TRUE VOCAL 
vocal cords project is THYROID CORD CRICOID 
called the vestibule. A pair аа Р 

of similar membranes 15.485 Larynx of rabbit (lateral). 


the false vocal cords, are present in front of the true vocal cords. 
At rest, the vocal cords lie at an acute angle to one another enclosing 
the glottis between their edges, but when used for producing sound 
they become parallel and are regulated by the action ofa set of mus- 
cles attached to the cartilages of the larynx. In this position the 
cords are set in vibration by the current of air passing through them; 
thus sound is produced in mammals, but rabbits are remarkably silent. 
Respiratory organs 

The larynx leads into the wind-pipe or trachea. Trachea is a 

long tube running through the neck and the thoracic cavity where it 
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Fig. 486 Т. S. of trachea (part), 
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divides into.two bronchi which enter the lungs. Trachea and bronchi 
are strengthened by rings of elastic cartilage which are incomplete 
on the dorsal side. Cartilaginous rings prevent the collapse of 
trachea. Internally the trachea has a lining of ciliated epithelium. 
Cilia beat in such a way as to transfer substances upwards towards the 
pharynx. Mucous glands in the connective tissue layer of trachea 
keep its inner surface moist and slimy. Mucus also helps in holding 
bacteria and dust particles which are swept towards the pharynx by 


ALVEOLAR 
DUCTS 


ALVEOLI 


Fig. 487 Terminal branching of a bronchiole in the lung. 

the cilia, thus it protects the respiratory system from infection. Each 
bronchus enters the lung of its own side and divides repeatedly into 
finer branches of lesser diameter known as bronchioles which have no 
rings of cartilage. Each terminal or respiratory bronchiole then 
divides into many branches of smaller diameter called infundibulum 
or alveolar ducts. From the alveolar ducts arise hollow alveolar sacs 
the walls of which form many small, thin-walled, hollow alveoli or 
air cells. Around each alveolus is a network of capillaries of the 
pulmonary artery and vein. The branching system of tubes allows 
air to penetrate into every portion of the lung. 

Lungs are not hollow bags as in a frog, but are a spongy mass 
of tissue with greatly increased internal surface due to innumerable 
alveoli, the internal surface is several times the surface area of the 

A. B.—43 
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Fig. 488 Lungs of rabbit (ventral). 


body. The left lung is divided into two lobes and the right into four. 
The lobes of the right lung are an anterior azygos, right anterior, 
tight posterior and posterior azygos. The left lung has a left anterior 
and a left posterior lobe. 

Respiratory passage—In rabbit the external and internal nares are 
situated at the extremities of two large respiratory or narial passages 
that are hollow cylinders lying above the palate. Air entering 
the external nares passes through the respiratory passages which 
open into the pharynx by internal nares. Respiratory passage of 
each side has an anterior nasal chamber and a posterior respiratory 
tube. Nasal chamber is below the nasal bone and above the hard 
palate. Within the nasal chamber are scroll-like bones, the turbinals. 
Surfaces of these turbinals are covered with a richly vascular, ciliated, 
mucus-secreting epithelium. Some specific areas of this epithelium 
have chemoreceptor cells that respond to the sense of smell. The 
res piratory tube communicates in front with the nasal chamber and 
it opens behind the soft palate by internal nares. Its floor is formed 
by the soft palate. The respiratory tube is lined by glandular and 
ciliated epithelium. 

The respiratory passage performs three important functions:— 

(a) It makes the air pass over an extensive surface through 
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complicated scrolls of the turbinals, so that air is warmed before 
entering the lungs. 

(b) It filters the air by holding dust particles in the mucus 
covering the turbinals. This function of cleaning the air is especially 
well developed in rabbits, probably because they live underground 
and line their burrows with soft fur. 

(c) The olfactory epithelium has the sense-cells for smell. 


Mechanism of breathing 

Lungs are enclosed within pleural cavities which are air-tight 
compartments, and any change in the shape of these cavities brings 
a similar change in the lungs. The tidal flow of air is produced by the 
enlargement of thoracic cavity, which allows the air to be drawn into 
the lungs under atmospheric pressure (inspiration). Reduction of the 
thoracic cavity produces the reverse effect causing the air to go out 
from the lungs (expiration). 

Thoracic cavity is in the form of a box having the vertebral column 
above, sternum below and the ribs on the sides. Ribs are movably 
attached to the vertebral column above and the sternum below. In the 
normal condition or at rest the ribs remain bent backwards obliquely. 
Between any two successive ribs are two sets of intercostal muscles 
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Fig. 489 Mechanism of breathing. 
A—Normal position. B—During inspiration (shown by dotted lines). 
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(a) external intercostal muscles pass obliquely from the lower border 


of one rib to the upper border of the next rib in front, (b) internal . 


intercostal muscles run from the upper border of one rib to the lower 
border of the next rib in front. 

Inspiration—Inspiration is brought about by increasing the thoracic 
cavity. When external intercostal muscles contract, they elevate the 
ribs thus enlarging the thoracic cavity. Diapbragm is dome-shaped, 
being convex towards the thoracic cavity and concave on its 
abdominal side. It has a central tendinous portion from which 
muscle fibres run to the sternum and ribs. When these muscles con- 
tract during inspiration, the dome of the diaphragm becomes flattened, 
thus enlarging the cavity of the thorax and forcing the abdominal 
viscera backwards. Enlargement of the thoracic cavity causes the 
elastic lungs to expand, creating a low pressure inside them. Conse- 
quently air enters without effort through the respiratory passage. 
trachea, bronchi and eventually into the alveoli of lungs. 

Expiration—Internal intercostal muscles pull the ribs inwards to 
their original position tending to reduce the thoracic cavity. Relaxa- 
tion of diaphragmatic muscles results in the original dome shape of 
the diaphragm, this further decreases the thoracic cavity. Both these 
actions leading to a decrease of the thoracic cavity produce a huge 
pressure inside the lungs which are compressed and the air is expelled 
into the bronchi, trachea, respiratory passage and eventually outside 
through the external nares. Respiratory movements, however, never 
completely empty the lungs of air, there is always some residual air 
left inside the alveoli. 

Respiratory movements of the diaphragm are more fully accom- 
plished in males than in females, because of the fact that constant for- 

. ward and backward movements of the abdominal viscera is likely to 
damage the foetus in the uterus of the female. #8 §« 

(The skin of man might in one sense be considered as a respira- 
tory organ of a sort since a small amount of carbon dioxide is elimina- 
ted in the sweat.) 

Respiratory disorders : 

(a) hyperpnoea—high rate of ventilation; hypopnoea is the 

opposite term; 

(b) apnoea—temporary stoppage of breathing; 

(c) anoxia—total lack of oxygen; 

(d) hypoxia—decreased oxygen in tissues; 

(е) anoxemia—lack of oxygen in body fluids; 
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(f) dyspnoca—difi; cult or heavy breathing; 
(g) hypercapnia—excess of carbon dioxide in the body fluids; 
(h) cyanosis—‘skin turning blue’ due to excessive amount of 
deoxygenated haemoglobin in the skin blood vessels. 
Aerodynamics of the lungs : 
Air flows into and out of the lungs because of a pressure gradient. 


When atmospheric pressure is greater than pressure within the lungs, 
air flows down this pressure gradient, i.e. air moves into the lungs. 
And when pressure in the lungs is greater than the atmospheric 
pressure, air again moves down a gas pressure gradient, i.e. expira- 
tion takes place. The pressure of gas in the lungs is called intra- 
pulmonic pressure. Thus, it simply means that when intrapulmonic 
pressure is lower than atmospheric pressure, inspiration takes place; 
expiration takes place у when the situation is reversed. 

Flow. of gases follows the Poiseuille’s law, which means that the 
volume of air inspired is directly related to the gas pressure gradient 
between the atmosphere and the lung alveoli, and is inversely related 
to the resistance opposing air flow. In general, deeper the inspira- 
tion, lower the intrapulmonic pressure, greater the pressure gradient 
from atmosphere to alveoli, and larger the volume of air inspired. 

An apparatus known as spirometer is used to measure the amount 
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of air exchanged in breathing. The amount Qf air exhaled normally 
after a normal inspiration is termed tidal air. An average human 
individual has a tidal air of approximately 500 ml. A forcible expira- 
tion after a normal inspiration represents the supplemental air or 
expiratory reserve volume (ERV). The amount of air that can be 
forcibly inspired over and above normal inspiration represents the 
complemental air or inspiratory reserve volume (IRV). ERV and IRV 
air average about 1500 ml. Some air is always retained in the alveoli, 
no matter how forcefully an individual exhales. This amount of air 
that cannot be forcibly pushed out of lungs is called residual air, 
it is about 1000 ml. 


Of the 500 c.c. inspired air in quiet breathing, only about 350 c.c. gets 
into the alveoli for gaseous exchange, the rest remains in bronchi and 
trachea where no exchange occurs, this space is called the dead space. 

The term vital capacity of the lung means the approximate volume 
oflungs as determined by measuring the largest possible expiration 
after the largest possible inspiration. It equals the sum of the tidal 
air, complemental air and supplemental air. Vital capacity depends 
upon the size of the thoracic cavity which in turn depends upon the 
size of the rib-cage, posture and many other factors. For instance, if 
the lungs contain more blood than normal, alveolar air space is 
encroached upon and vital capacity accordingly decreases. This 
is the case in congestive heart disease. Excess fluid in the pleural 
or abdominal cavities also lowers the vital capacity, as is the case in 
a disease called emphysema. In this disease alveolar walls become 
stretched as they lose their elasticity, and are unable to collapse 
normally for expiration. This leads to an abnormal increase in Ше 
residual air so much so that the chest remains in the inspiratory 
position even at rest. Excessive muscular effort is then necessary 


for inspiration, and because of loss of elasticity of lung tissue, greater 
effort is needed for expiration too. 


* Vital capacity _ tidal air | complemental air , supplemental air 
of lungs “ (500 ml) + (1500 ml) Р (1500 mal) 
Total capacity _ vital capacity 4 residual air 4500 ml 
c of lungs (3500 ml) "(1000 ml) approx 
*]. Based on Text Book of Anat my & i б 
a atomy & Physiology, 1967, C.P. Anthony, 


2. The values mentioned herein vary greatly with sox оаа and 
weight of the individual, y » age, р 
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© The Gaseous Exchange 

An account of physiology of respiration will follow in the next 
chapter; here it is briefly stated. Taking in of O, and passing out of 
CO, from lungs constitutes external respiration. Cell respiration or 
internal respiration occurs in the tissue cells. Air in alveoli has about 
14% oxygen which diffuses through the mucous epithelium of alveoli 
into blood capillaries. Haemoglobin of erythrocytes combines with 
oxygen to form a loose compound oxyhaemoglobin. Oxyhaemoglobin 
reaches tissues through blood where it gives up its oxygen. Some 
oxygen is also taken in dissolved state in the plasma. Enzymatic 
reactions due to respiratory enzymes cytochromes, cytochrome oxidase 
and dehydrogenases bring about oxidation of glucose in cells by 
a series of complicated chemical reactions to produce chemical 
energy, CO, and H,O. The reduced haemoglobin returns with the 
blood. In the lungs CO, is liberated as free gas, and O, enters the 
erythrocytes and plasma. ^ 

There is less oxygen in the tissues than in the blood, so that a con- 
stant diffusion of oxygen from the blood to the cells is set up. Similarly 
there is more CO, in tissue cells than in the blood, hence there is a 
constant flow of CO, from the tissues into the blood. But in the 
lungs there is more oxygen concentration than CO,, hence there is a 
continual flow of oxygen inwards and CO, outwards. 

Transport of Carbon dioxide 

The CO, produced as an end-product of tissue respiration has to 
be eliminated, it dissolves in tissue fluid and passes on into blood. 
About 5% CO, is carried as carbonic acid in the plasma, rest goes 
with haemoglobin of red corpuscles. 

In the plasma carbonic acid dissociates into Ht and HCO;- ions. 
Hydrogen ions are soon took over partly by NH, in the plasma 
and partly by some of the proteins of the plasma itself, forming 
NH,+ (NH,J-H*) and weak proteinic acid. Bicarbonate ions, on 
the other hand are hooked up with Nat in the plasma. At the 
lung surface all the above reactions are reversed. Freed Н+ and 
HCO,- again combine to form CO, and Н.О. Carbon dioxide passes 
out into the alveolar air. About 60% carbon dioxide combines with 
the water of the red blood corpuscles more quickly and readily 
than in the plasma, because in the r.b.c. this reaction is catalysed 
by an enzyme of the r.b.c. called carbonic anhydrase. 

H,O+CO, = H.HCO; 
carbonic anhydrase 
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The reaction depends upon the tension of carbon dioxide. Ata 
high tension of CO, , as it is so in the tissues, the reaction takes place 
to the right side of the equation. Carbonic acid thus formed soon 
dissociates into Н+ and HCO,- ions. Hydrogen ions can create acidity 
and kill the r.b.c.. This situation is never allowed as haemoglobin 
itself buffers H^. As soon as carbonic acid dissociates, the H+ push 
out the oxygen molecules from the molecule of oxyhaemoglobin 
and occupy their places on the molecule. Haemoglobin, though 
getting reduced and changed into weak haemoglobinic acid encourages 
unloading of oxygen from oxyhaemoglobin. Released oxygen passes 
on to the tissue cells for tissue respiration. Bicarbonate ions pass out 
of r.b.c. into the plasma after being hooked up by K+. Thus it may 
be realized that carbon dioxide travels in the plasma always as bi- 
carbonates of Na and K. As the bicarbonate ions leave the r.b.c. 
acid-base equilibrium in the r.b.c. is disturbed, the cause of which 
are the Н+ in the haemoglobin molecule. To maintain electro- 
neutrality chloride ions ( CI- ) from the plasma move into the r.b.c. 

When the blood loaded with carbon dioxide in the form of 
bicarbonates reaches the respiratory surface, earlier reactions begin 
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to reverse in the reférsed oxygen and carbon dioxide tensions. 
Nat ions separate fróm bicarbonate ions, H+ ions set apart from 
proteinic acid in the plasma. Once again H+ and HCO,- combine 
to form H,O and CO,, the latter escapes into the alveolar air. 
Kt and HCO;- complex return from the plasma into the r.b.c. [cell 
membrane of r.b.c. is permeable to negative ions and relatively 
impermeable to positive ions]. H+ ions are relieved from haemoglobin 
and their places are taken up by oxygen molecules. Free hydrogen 
ions combine with НСО; inside r.b.c. to form CO, and Н,О; the 
reaction is catalysed by carbonic anhydrase and CO, escapes into the 
alveolar air. Once H+ are thus used up, Cl- have no business to.stay 
on inside r.b.c., they shift back to the plasma. Back and forth shifting 
of СЇ— is known as chloride shift. 

Remaining about 35% carbon dioxide in the tissues combines 
with the amino group (QNH;) of the haemoglobin to form a loose 
compound called carbamino-haemoglobin. At high oxygen tension and 
low carbon dioxide tension prevailing at the lung surface CO, dissociates 
from carbamino compound and escapes into the alveolar air. 

Various events in the carbon dioxide transport and elimination 
are summarized in the diagram (Fig. 490). 

CO, is not just a waste by-product of respiration. The nervous 
control of breathing is determined largely by the concentration of 
dissolved CO,. Oxygen concentration also plays a role in the control 
of breathing but to a lesser degree. For example, when the CO, 
concentration in the blood is high, the rate of breathing is also high; 
and vice versa. This mechanism is controlled by a small part of the 
brain called ‘respiratory or ventilation centre.’ 

In order to maintain homeostasis and keep the body ‘cells func- 
tioning, the blood must be regulated within a narrow range of pH 7. 
The rate of breathing is important in regulating the acidity of the 
blood. Whenever acids enter the blood stream, their Н+ ions unite 
with bicarbonates of the plasma to form H4CO,, which in turn breaks 
up into CO, and H4O. More CO, is removed by lungs as the rate 
and depth of breathing is increased. Thus when CO, is expelled, 
the acidity of blood is reduced. The increased acidity of blood acts 
upon the ventilation centre and increases the rate of breathing. Thus 
it is the excess of acid and not the deficiency of oxygen that increases 
the rate of breathing. Conversely, when blood becomes too basic, 
СО, tends to stay in the form of carbonic acid and the rate and 
depth of breathing is decreased. 
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Questions . 


Give two differences between 'respiration and breathing’, 

How does oxygen from the external environment reach the tissues ? 
Illustrate the role of intercostal muscles in breathing. 

Describe briefly the disposal of carbon dioxide in rabbit. 


In what ways are the lungs of rabbit different from those оГ. 


frog ? Which are advanced and why ? 

Describe the structure of the lungs of rabbit. 

Of what use are the bony rings in the respiratory tubes ? 

The cilia in the trachea beat upwards*/downwards/remain sta- 


tionary. They sweep air into lungs/mucus into the pharynx*/ 
the bacteria into the blood capillaries. 


Release of carbon dioxide is accelerated in the lungs by an 
enzyme : 

hydrogenase / oxidase / carbonic acid | carbonic anhydrase*. 
Internal respiration means :— 


intake of oxygen at the respiratory surface [release of CO, 
at respiratory surface/actual release of oxygen in the cells*. 


The portion of the vestibule between true and false vocal cords 
is known as :— 
vocal pouch / ventricle* / vocal sac. 

Which mammal lacks false vocal cords ? (Elephant*) 
Which mammal lacks true vocal cords ? (Hippopotamus*) 
Resonating chamber of the howling monkey is the : ` 

vocal sac / enlarged larynx/ enlarged ventricle of the larynx*. 
Which animal has unpaired lung ? (Some snakes have only one 
bronchus and the right lung.) 

Which animal has a double trachea? (the penguins) 
True organ of sound production in birds is : | 
larynx / sound box / vocal sac/ syrinx* / pharynx. 
Unlobulated lungs are found in — 

frogs / whales* / elephants / horse. 


"y 


- What for are the hairs in the hairy frog? (These filamentous out- 
20. 


growths of skin are respiratory surfaces). 
The normal shape of diaphragm is— 
fiat/dome-like*/spherical/cone-like. 
Inspiration is aided by— 
(a) external intercostal muscles*, 
(b) internal intercostal muscles, : | 1 
(c) none of these. 2 
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Amount of air N'ES in breathing can be measured with a— 
spherometer/ba?ometer/spirometer*/sphygmomanometer. 
Tidal air means— 
(a) amount of air exhaled in normal breathing*, 
(b) amount of air normally taken-in in a breath, 
(c) maximum air that can be inhaled in one breath. 
*Chloride shift' is the term given to— 
(a) the movement of Cl- into and out of RBC and plasma*, 
(b) breakdown of acid of gastric juice, 
(c) neutralization of acidity by chloride ions. 
Breathing rate is lowest while we are : 
playing tennis / delivering orders / eating* / sleeping. 
(CPMT-1984) 
Breathing rate is lowered during eating because : 
our lungs do not get enough supply of blood / swallowing and 
breathing cannot go together at the same time* / lungs are com- 
pressed as stomach enlarges / more energy is required during 
eating. 
Chloride shift is essential for the transport of : O, / CO, and О, / 
CO, *| Na- (PMT-1990) 


Hamburgar’s phenomenon is also called HCO, shift/ chloride 


shift*/ H shift/ Na* shift. (PMT-1991) 
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Metabolic Pathways—The Energy Cycle 


The heat energy released by the burning of petrol can be chan- 


nelled to move the piston of an engine and the wheels of a car. 


But the use of energy by the cell is not 
does not occur in great bursts foll 
as in the petrol engine, 
cell, 


simple and immediate; it 
owed by long periods of idleness, 
It is gradual and continuous in a living 


Custer OD 
| 


MOVEMENT 


| 
SYNTHESIS | 


SECRETION 


TRANSMISSION 


MUSCULAR 
CONTRACTION 


ACTIVE 
TRANSPORT 


CELL DIVISION 


ПЕРА 2: уз; Ae ЧОР ОСОР MIU meorum e e 


Fig 491 Chemica] energy of food is stored ‘as small change’ in ATP The 
ATP-ADP cycle provides ready energy for all cell functions. 
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The multicarbon molecules, such as glucose, are ready source 
of energy, but the energy from glucose cannot be unlocked immedia- 
tely when required. Glucose has, therefore, to be broken down first 
and the energy released from glucose stored up again in another 
substance, from which it can be paid out in small amounts, immediately 
when needed. This unique bombshell of energy is a complex subs- 
tance known as adenosine тне, d in short. 
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Fig. 492 Metabolism in a generalized cell. 
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The ATP—It was first isolated by К. Lohmann of the University 
of Heidelberg in the early 1930s’. Later an American Albert Szent 
Gyorgyi showed that isolated muscles contract when ATP is put on 
them. We can easily understand why sugar (glucose) is the most pre- 
ferred biofuel. Of course ATP is like the ready cash we carry in our 
pockets, available for immediate use. Sugar is like a current account 
in the bank from which cheques can be cashed to keep the supply 
of ready cash or 'small change' (ATP). Storage materials such 
as fat are like a fixed deposit account which can be drawn when 
occasion arises. Likewise, protein is equivalent to an immovable 
asset or property. Using proteins will be like selling one own's 
house, as in extremely unfortunate circumstances. Each molecule of 
ATP consists of adenine nucleotide, a ribose sugar to which are 
attached three identical groups of atoms called phosphate radicals. 
The molecular representation of ATP is: 


(0) О О 

ll [| il 
Adenosine—O—P—O—P—O—P—O—H 

11 il [] 

О О О 


ATP is thus written in short as A—P «P P, where ‘A’ represents 
the main molecule, adenosine (a complex nitrogenous sugar deriva- 
tive) and *P' the phosphate radicals. Each wavy line indicates a 
high energy bond, which means : (i) much energy is needed to form 


the bond, and (ii) much energy will be released when the bond is 
broken. 


No matter where energy is required in the cell, ATP is the usual 
source. Aided by certain enzymes ATP releases a bit of energy 
(10,000 cal) by breaking one P«P, thus leaving A—PwP. This 
molecule with only two phosphate radicals is called adenosine di- 
phosphate (ADP). The cell cannot continually spend its ATP and 
carry on above reaction without also continually rebuilding some 
ADP back into ATP. Р 


Cell’s 90% ATP is stored in the mitochondria. The reactions 
ATP*zADP take place in the mitochondria, where energy is taken 
from the food reaching the cell, and it is in the mitochondria that the 
released energy is built into ATP. From the mitochondria, mole- 
cules of ATP containing high energy bonds diffuse into the cytoplasm, 
where they provide energy for all the cell’s activities. The ADP 
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molecules that are formed when energy is released from ATP diffuse 
once again into the mitochondria. 


Cellular or tissue respiration 


Energy is needed to replenish ADP and change it to ATP. This 
energy comes from the breakdown of sugars mainly. Starch, glycogen 
and fats also contain useable energy. but release of energy from 
them is a very difficult task. Proteins represent the remotest source 
of energy and used only when other sources do not meet the demands. 
The basis of the biochemical reactions. which lead to the ultimate 
release of energy along with CO, and H,O is oxidation which means 
(a) loss of electrons, (Б) loss of hydrogen, or (c) addition of oxygen. 

The energy to change ADP into ATP comes from two processes. 
In the first set of reactions little energy, just sufficient to change 
2 ADP—»2ATP is obtained. More energy is obtained in the second 
process. The two processes are (i) Glycolysis and Krebs cycle, and 
(ii) Hydrogen carrier system. 


Glycolysis (Emden-Meyerhof system)—Various reactions in the 
glycolysis are aided by enzymes located in the cytoplasm outside the 
mitochondria. Carbohydrates are hydrolyzed to glucose in the process 
of digestion. Glucose is the principal substrate for glycolytic reac- 
tions. Glycolytic cycle gets a start with the release of a phosphate 
radical from the molecule of ATP; immediately the phosphate radical 
is bonded to glucose molecule to form 6-glucose phosphate (numeral 
6 means 6 carbon atoms of glucose molecule); bonding glucose with 
phosphate is called phosphorylation. By an internal rearrangement, 
glucose phosphate is converted into an isomer called 6-fructose phos- 
phate. This is phosphorylated by another molecule of ATP and 
changed to fructose diphosphate; thus one more ATP is reduced to 
ADP. Energy rich fructose diphosphate is broken to halves, each con- 
taining 3 carbon atoms, а triose sugar. This product is called 3-phos- 
phoglyceraldehyde. Next, by releasing one high energy phosphate bond, 
3-phosphoglyceraldehyde is converted to 3-phosphoglyceric acid; so 
the high energy phosphate restores one ADP molecule to ATP., the 
reaction is enderogonic, i, e. energy is taken up. a 

By another internal rearrangement, 3-phosphoglyceric acid is first 
changed to 2-phosphoglyceric acid and then to phosphoenolpyravic 
acid. This is soon dephosphorylated, i.e. loses an energy-rich phos- 
phate to become pyruvic acid; the energy-rich phosphate restores 
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another ADP molecule to ATP. Simultaneously 2 hydrogen atoms 
are set free for each molecule of pyruvic acid. The four free atoms of 
hydrogen in majority of cells are accepted by a hydrogen acceptor 
called nicotinamide adenine dinucleotide (NAD). [It was formerly 
known as diphosphopyridine nucleotide (DPN).] Thus, in the break- 
down of one molecule of glucose to two molecules of pyruvic acid 
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(CH,.CO.COOH, a tricarboxylic acid), two molecules of ATP are 
broken down to ADP, but later on 4 molecules of ATP are built up 
for each molecule of pyruvic acid. The net gain is, therefore, of 2 
molecules of ATP and 4H. It is to be noted that (i) glycolytic cycle 
needs no use of oxygen, i.e. it takes place anaerobically (ii) it makes 
a small contribution to the pool of ATP, the overall results of glyco- 
lysis are exerogonic (giving out energy), and (iii) there is still a lot 
of energy in the pyruvic acid molecule lying untapped. Thus anaerobic 
respiration (glycolysis) is somewhat like a faulty furnace, that allows 
unburnt coal to pass through the ashes. It may meet the immediate 
need but is wasteful. Certain bacteria have no mechanism in them 
to make use of atmospheric oxygen, so they carry on anaerobic 
respiration. There being no way to use oxygen, the free hydrogen 
atoms become a problem. They soon combine with pyruvic acid 
to form ethyl alcohol or ethanol and carbon dioxide. This action 
is called fermentation. Some bacteria and muscle cells, under similar 
conditions, produce lactic acid instead of alcohol. Under similar 
conditions, pyruvic acid is broken down to lactic acid in the muscles. 
C,H,0,+2H—C,H,OH+CO, in yeast 
(pyruvic acid) (alcohol) 
C;H,O,+2H—C,H,O, in some bacteria and muscle cells 
(lactic acid) 

Krebs cycle (Tricarboxylic or Citric acid cycle)—Full use of glu- 
cose is made, after pyruvic acid produced at the end of glycolytic 
cycle is processed through another chain of reactions called Krebs 
cycle. It is in this cycle that oxygen is used. Various enzymes of 
the Krebs cycle are located on the membranes of the mitochondria 
and in their matrix. Krebs cycle was postulated by Sir Hans 
Krebs in 1937. He was honoured with a Nobel Prize in 1953. 

[Although the major substrate for oxidative reactions in Krebs cycle is pyruvic 
acid derived from carbohydrate, fatty acids and amino-acids may also enter the 
cycle. For example, the amino-acid glutamic acid becomes ketoglutaric acid on 
deamination and is included in the Krebs cycle. At the same time fatty acids and 
amino-acids may be derived from one or more of tricarboxylic acids present in the 
Krebs cycle.] . 

3-Pyruvic acid from the cytoplasm passes into the mitochondria. 
Carbon dioxide is split from the carboxyl group of pyruvic acid 
leaving a 2-carbon atom residue which is soon bound to coenzyme A 
to form acetyl Coenzyme A. 

[Respiratory enzymes usually have two parts: a protein part apoenzyme, 
and a nonprotein part called coenzyme. Coenzyme part readily detaches. 

A.B.—44 
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and gets attached to the substrate temporarily. It is however restored to the apo- 
enzyme later on. Some of the coenzymes of oxidative metabolism are riboflavine 


(vitamin Bg), thiamine (B,) and pantothenic acid which with ATP forms coen- 
zyme Co А.] 


Acetyl CoA is then coupled with oxalacetic acid (a 4-carbon atom 
compound) to produce 6-carbon atom compound called citric acid. 
Two hydrogen atoms released at the end of glycolysis and two hydro- 
gen relieved now from pyruvic acid are taken to the electron trans- 
port system (ETS in short). Citric acid then passes through gradual 
degradation until oxalacetic acid is regenerated. 

First of all citric acid is oxidized to 6-cis-aconitic acid, using 1/2 
molecule of O, and giving out one molecule of H:O. The reaction is 
aided by oxidases (enzymes). Cis-aconitic acid reacts with H,0 
and changes to 6-isocitric acid; this is oxidized to 6-oxalosuccinic acid 
using 1/2 O, and eliminating H,O and 2 hydrogen atoms to ETS. 
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Hydrogen atoms are set free by a group of enzymes called dehydro- 
genases. Now, 6-oxalosuccinic acid is relieved of one carbon atom 
(from its carboxyl group) and changed to 5 carbon atom ketoglutaric 
acid, and a molecule of CO, is set free. With a molecule of H,O 
ketoglutaric acid is changed to an intermediate compound. This 
intermediate is soon oxidized by an oxidase, using 1/2 O, and resulting 
in 4-carbon atom succinic acid and a molecule of CO, ; simultaneously 
2 hydrogens are passed on to ETS by a dehydrogenase. Succinic acid 
is then oxidized to fumaric acid using 1/2 O, and releasing one H,O and 
2H to ETS. Fumaric acid reacts with H,O to become malic acid. Fina- 
lly, malic acid is oxidized to oxalacetic acid using 1/2 О, and releasing 
опе H,O and 2H to ETS. Thus at the end of Krebs cycle we have: 
to ETS 
CH;. CO. COOH+24 O,—-3CO,+2H,0-+-5(2H) f 
(pyruvic acid) 

Hydrogen carrier and electron transport system. Coupling up of 
glycolysis and Krebs cycle with the second series of steps is much 
more important. These steps first involve the carriage of hydrogen 
atoms removed from a number of intermediate compounds (bustra- 
tes) in the Krebs cycle. Each hydrogen is accepted by a hydrogen 
acceptor or carrier which gets reduced. The same hydrogen atoms 
then pass on to a second hydrogen carrier, reducing it, while the 
first carrier gets reoxidized. In this transfer of hydrogen atoms from 
carrier 1 to carrier 2 sufficient energy is released for the synthesis 
of one ATP. Hydrogen is transferred to two more carriers after 
which hydrogen combines with oxygen to form water. In the process 
cach 2H produces energy enough to convert 3 ADP into 3ATP 

First two carriers are dinucleotides and coenzymes—(i) nicotina- 
mide adenine dinucleotide (NAD) derived from vitamin nicotinic acid, 
and (ii) flavine adenine dinucleotide (FAD) derived from vitamin, B, 
(riboflavine). The third carrier is a cytochrome, having iron-con- 
taining prosthetic group conjugated with a protein pigment similar 
to haemoglobin. The fourth carrier is an enzyme called cytochrome 
oxidase which hands over hydrogen atoms on to oxygen to form 
water at the end. 

Various steps may be summarized thus : 

(1) Two atoms of hydrogen set free from every substrate e.g. 
isocitric acid, 5--carbon intermediate etc, by means of dehydro- 
genases (reducing enzymes), are accepted and carried by NAD; 
this dinucleotide is reduced by accepting 2H and changes to NADH,. 
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: SUBSTRATE UNDERGOING 
OXIDATION IN KREBS CYCLE OXIDIZED 
SUBSTRATE 
А dehydrogenase 
NAD (oxidized) NAOH (reduced) 
ADP 
OXIDATIVE 
PHOSPHORYLATION 
2H ATP 
FADH (reduced) 3 FAD (oxidized) 
€YTOCHROME-b (oxidized) CYTOCHROME—b (reduced) 
ADP 
2H- ATP 
CYTOCHROME—c (reduced) CYTOCHROME—c (oxidized) 
2H^ 
CYTOCHROME—a (oxidized) CYTOCHROME—a (reduced) 
ADP 
9H7 ATP 
: CYTOCHROME—as(reauced) CYTOCHROME—as (oxidized) 
2H^ 


FROM 10, 


Fig: 494 The Electron transport system. 

(2) Hydrogen atoms from NADH, are then transferred to another 
carrier FAD, which by accepting 2H itself gets reduced (FADH;); at 
the same time NADH, relieved of its 2H returns to its oxidized form 
NAD. During the transfer of 2H from NADH, to FAD, energy 
suffi cient to convert one molecule of ADP into ATP is obtained. 

(3) FADH, (reduced form) next transfers its hydrogen to Co- 
enzymes cytochromes, which by accepting hydrogen get reduced, 
while FADH, is restored to its oxidized form FAD, again energy 
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for one ADP to ATPeis obtained. It is important to note that 
while hydrogen is leaving FADH, it is split up into electrons and 
protons. Whereas protons are used up at the end of the carrier 
system, the electrons of hydrogen acceptors, namely, cytochromes 
b, с and a in succession, every time first reduce the cytochrome, 
then reoxidize it as electrons jump on to the next electron 
acceptor. One molecule of ADP is converted to ATP while electrons 
are transferred from cytochrome b to cytochrome с and a. 

(4) From the last cytochrome, the hydrogen electrons are 
transferred to cytochrome oxidase (—cytochrome аз) This enzyme 
finally passes on two hydrogen electrons to oxygen, protons of 
hydrogen atoms also join here to form water. 

Since the major part of transfer of hydrogen from one acceptor to 
another is in the form of electrons, the system is better known as the 
electron transport system (ETS). It is also known as oxidative phospho- 
rylation as the chain of reactions involves oxidation (removal of hydro- 
gen) and addition of a high energy phosphate bond to build up ATP. 

During each step in the transfer of electrons from dehydrogenases 
to FAD and to cytochromes inorganic phosphates are raised to high 
energy phosphates, leading to the building up of ATP from ADP. 
Each oxidative phosphorylation, by means of two hydrogen electrons, 
liberates energy enough to convert 3 ADP molecules into 3 ATP. 
Thus 10 pairs of 2H in ETS produce energy for 30 ATP, 15 from 
each of the two pyruvic acid. molecules 10H liberated at the end of 
glycolysis produce another 6 ATP. There was already a gain of 2 
ATP during glycolysis. So net energy from one glucose molecule, 
produced in the entire process is sufficient to change 38 ADP into 
36--2 ATP. The amount of this energy is something about 300,000 
calories transferred into high energy phosphate per gm. molecule of 

lucose. 
Е C,H440,-1-60,-4-38 ADP-1-38 « P — 6СО,+6Н,04-38 ATP. 
Stored energy in 


1 molecule of glucose (or 180 g) 
sr calories 


| ' in respiration | 
310,000 . . 380,000 s 
calories calories infused into 38 ATP 


as as 
HEAT ENERGY ACTIVE ENERGY 
FOR WORK 
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Summary of Metabolism. 


l. In all metabolic reactions ATP is involved; these reactions 
liberate chemical energy which is used for making ATP from ADP. 
Whenever energy transfers occur in a cell, ATP is concerned, either 
receiving energy or giving it up. 

2. The reactions in a cell which produce energy are a series of 
steps in which the molecules of food undergo two changes, first the 
large molecules are broken down into smaller ones, and second the 
energy-rich hydrogen atoms are transferred two at a time to 
coenzymes with the aid of dehydrogenases. These transfers of hydro- 
gen atoms yield small convenient amounts of energy. Then the 
hydrogen atoms are transferred from coenzymes to a second hydro- 
gen acceptor, then to a third, and so on till all their initial stores 
of energy are released. Thus metabolism progresses as long as food 
is supplied to form substances, and as long as hydrogen atoms are 
removed in the form of water. 

3. Normally we regard oxygen as a substance which brings 
about oxidation, but it is remarkable that oxygen is not used. Oxygen | 
acts only at the extreme end of the metabolic reaction chain by com- 
bining with hydrogen atoms to form water. 

4. Oxygen molecules are indispensable for metabolism. If the 
supply of oxygen to cells is stopped, the cells would become saturated ] 


with reduced cytochrome, transmission of hydrogen would be halted, 
and death would result. 


To determine the rate of oxygen consumption 
of a small animal 
Take a wide-mouthed bottle with a tight-fitting rubber stopper. 
Make a hole in the centre of the Stopper and insert a 5 ml. tube 
BOTTLE 


М) 


METRE SCALE 


NN 
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GRANU a 
Fig. 495 Experimental set-up for determining rate of 
oxygen consumption by rat. 
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through the hole ard support the tube on a metre scale by 
means of rubber bands. Suck a drop of water into the tube. Place 
| the bottle on its side on a table, and with a glass rod make a bed 
i of KOH (or NaOH) pellets in the bottle. Put a strip of wire gauze 
,in the bottle above the KOH. Introduce a mouse into the bottle 
above the wire gauze and quickly close the bottle with the rubber 
stopper. As oxygen is used by the mouse, the volume of air will 
decrease in the bottle. Carbon dioxide exhaled by the animal is absorbed 
by KOH as fast as itis formed. Movement of the drop of water in the 
tube shows the amount of decrease of air in the bottle, and by timing 
this movement we get the number of ml. of oxygen used per minute. 


Questions 


Why ATP is said to be ‘small change’ for energy ? 
Where is cell’s ATP stored ? . 
How is glucose concerned with ATP ? What is the role of ADP 
in cellular respiration ? 
Narrate the sequence of events by which glucose molecule is 
split into pyruvic acid. 
How much ATP is spent, restored and gained during glyco- 
lysis 
How is it that even without the use of oxygen glycolytic break- 
down of glucose releases energy sufficient to restore 2 mole of 
ATP and some more to spare ? 
Name the actual site of glycolysis. 
Account for the following during citric acid cycle: 

1. Net gain of water molecules. 

2. Net gain of carbon dioxide molecules. 

3. Net gain of hydrogen atoms. 

4, Net use of oxygen atoms. 
What role do the cytochromes play in the electron transport 
system ? 
How will you account for the restoration of 38 ATP from one 
molecule of glucose ? 
What will happen if oxygen is not available at the end of 
electron-transport to cytochrome oxidaze ? 
End products of Emden-Myerhof reactions are— 

citric acid / pyruvic acid* / ADP / ATP* / heat*. > 
The enzymes operating in citric acid cycle are placed on the 


inner membrane of — y ER 
plasma membrane / outer membrane of mitochondria* / in the 


matrix of the mitochondria. 


w 


` 
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Krebs cycle is also called citric acid cycle, because : 

the end-product of the cycle is citric acid / citric acid is the 
initial substrate / citric acid undergoes a series of changes*. 
Each molecule of pyruvic acid entering the Krebs cycle 
produces— 

2 mols of CO,/ 3 mols of CO,*/ 1 mol of СО,. 

For each mol of pyruvic acid oxidized, 18* /28/38 ATP mols 
are synthesized. 

Put down the correct figures in the numbered blanks iz the state- 
ment below : 

1 mol (or 180 g) of glucose contains. (1) small calories of 
stored energy. Catabolism releases about (2) calories of 
this energy as heat and puts about — (3) calories back in 
storage in high-energy bonds of (4) mols of ATP. The 
usable energy from glucose is about (5) %. 

[Ans: (1) 6,90,000; (2) 3,10,000; (3) 3,80,000; (4) 38; (5) 55%] 
Enzymes of cytochrome series are arranged in the sequence— 
(a) a, b, с, аз, 

(b) b, c, a, аз*, 

(c) а, a, c, b. 

Differentiate between the following terms :— 

hyperpnoea, apnoea, anoxia, anoxemia, dyspnoea, hyper- 
capnia, cyanosis. 

Vitamin essential for hydrogen carrier and electron transport 
system 15— 

vitamins C / D | B,* / K/B,. 

In anaerobic respiration the pyruvic acid in muscles will form : 
lactic acid*/ alcohol/ acetaldehyde/ acetyl coenzyne A. | 


12790 ; (PMT-1990) 
Oxygen dissociation curve of haemoglobin is: hyperbolic/ 
linear/ sigmoid*/ stationary. (PMT-1990) 


In the electron transport system during tissue respiration, the 
role of cytochrome oxidase is :— 

as the final acceptor of 2 electrons which activate O, to form 
CO,/ in accepting 2 electrons to be transported to the other 
cytochromes/ as final acceptor of 2 electrons to form water*/ as 


final acceptor of an electron to form water. (PMT-1990) 
Krebs cycle begins with : hydrochloric acid/pyruvic acid*/lysine/ 
citric acid. à (PMT-1991) 


> 
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NERVOUS SYSTEM 


The nervous system of rabbit is divisible into the same three parts 

as seen in a frog. 
1. Central Nervous System 

Meninges—Entire central nervous system is protected and sur- 
rounded by connective tissue membranes called meninges (singular— 
meninx). Mammals have three such membranes, a pia mater, ап 
arachnoid and a dura mater. Pia mater is a thin membrane with 
blood vessels and closely fitting on the surface of the brain and spinal 
cord, at two places it fuses with the thin roof of the brain to form: 
choroid plexuses which project into the ventricles of the brain in 
the form of branched vascular tufts, Outsid. the pia mater is am 


EPIDURAL SPACE VERTEBRAL COLUMN 


DURA MATER 


SDURAL 
PACE 


ARACHNOID: 


SUBARACHNOID 
SPACE 


PIA MATER: 


NERVOUS 
SYSTEM 


F Fig. 496 Т. S. of part of vertebral column showing meninges. 
arachnoid Jayer traversed by a web of fibres. Dura mater is the 
outermost tough white membrane inside the skull and the vertebra? 
column, serving as а meninx and the inner periosteum. Between 
the outermost skeleton and dura mater is an epidural space, in the 
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brain region there is no epidural space because the dura mater fuses 
with the lining of the skull. Between the dura mater and the arach- 
noid is a subdural space. Below the arachnoid and in its web are 
subarachnoid spaces. All these spaces and the cavities of the brain 
and spinal cord are filled with a cerebrospinal fluid. Inflammation of 
meninges is called meningitis. Cerebrospinal fluid (CSF) is a clear 
fluid formed primarily by filtration out of the blood in networks of 
capillaries known as choroid plexuses. One such plexus, the anterior 
choroid plexuses lies in the roof of the diencephalon, and the other, 
the posterior choroid plexus, in the roof of the medulla oblongata. The 
arachnoid layer forms vascular arachnoid villi in the choroid plexuses; 
these villi secrete the CSF. In the brain this fluid flows from front to 
backwards. In lower vertebrates such as frogs, the anterior choroid 
plexus secretes CSF from arterial blood into the fore-brain ventricles; 

after flowing back into the medulla, this fiuid is returned to venous 
blood through the posterior choroid plexus. 

In higher vertebrates, in the roof of the medulla there are openings 
called foramen of Magendie and foramina of Luschka, through which 
the CSF flows out first into a small chamber called cisterna magna, then 
into the subarachnoid space, finally it is gradually absorbed into the 
venous blood of the brain. Thus the CSF enters the ventricles of the 
brain from the choroid plexuses and returns to the blood through the 
said foramina. It is important to note that choroid plexuses thus 
work as barriers between the blood on one side and the cerebrospinal 
fluid in the brain on the other side, hence known as blood-brain-barriers. 


POSTERIOR 
CHOROID 
PLEXUS 


T LATERAL 
е. EI 


CEREBROSPINAL FLUID 4TH VENTRICLE 


Fig. 497 Choroid plexuses act as blood brain barrier. 


In man, the amount of cerebrospinal fluid is about 135 ml. Since 
approximately 550 ml is secreted daily, the fluid must continually 
circulate and be reabsorbed. Sometimes a tumor blocks the passage 
between 3rd and 4th ventricle, the fluid then accumulates in the 
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forebrain cavities causing internal hydrocephalus condition. A simi- 
lar situation outside in the subarachnoid space leads to external 
hydrecephalus; both are dangerous. 

Brain of rabbit—The brain is described from three aspects, its dorsal 
aspect, ventral aspect and a sagittal section. 

Dorsal aspect—Brain is divisible into three parts; a fore brain or 
prosencephalon, mid brain or mesencephalon and hind brain or rhombence- 
phalon. Fore brain includes cerebral hemispheres (telencephalon), 
olfactory lobes and the diencephalon. The two cerebral hemispheres 
are enormous forming about two-thirds of the entire brain. Hemi- 
spheres also extend backwards covering the diencephalon and mid 
brain and almost touch the cerebellum. Between the hemispheres 
is a deep cleft dorsally called median fissure. The hemispheres are 
marked into a number of lobes by fissures. Roughly dividing the 
front conical part from the broad posterior part, there is a shallow 
Sylvian fissure; in front of this fissure are a frontal lobe and a parietal 
lobe; behind the Sylvian fissure is a temporal lobe. The surface of 
the cerebral hemispheres is smooth. : 

The olfactory bulbs are club-shaped, projecting in front of the 
hemispheres. Diencephalon lies immediately behind the cerebral 
hemispheres and is covered by the latter. Mid brain (mesencepha- 
lon) is largely covered by the cerebral hemispheres. The roof of the 
mid brain bears optic lobes which are four and constitute the corpora 
quadrigemina characteristic of mammals. The anterior pair of optic 
lobes is larger than the posterior lobes. 

The hind brain consists of the cerebellum (metencephalon) and 
medulla (myelencephalon) The cerebellum has a median central lobe 
or vermis, two lateral lobes and two floccular lobes. The surface of 
the lobes is thrown into folds which increase the quantity of superficial 
grey matter. The medulla is broad and triangular, its roof is non- 
nervous and vascular forming the posterior choroid plexus. 

Ventral aspect—On the ventral side, the Sylvian fissure demarcates 
an anterior frontal lobe from a posterior temporal lobe of each 
cerebral hemisphere. A longitudinal hippocampal sulcus or fissure 
on the ventral side of each hemisphere demarcates a hippocampal 
or pyriform lobe. The olfactory bulbs appear to arise ventrally, 
each is continuous with an olfactory tract extending as far as the 
hippocampal lobe. “These tracts are demarcated from the hippocampal 
lobes by shallow rhinal fissures. The olfactory bulb and olfactory 
tract together constitute an olfactory lobe. 


AJ 
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Fig. 498 Brain of rabbit. 


' Diencephalon or thalamencephalon on the ventral side has a 
pituitary gland or body. The stalk of the pituitary is produced 
posteriorly into a rounded swelling, the cerpus albicans or corpus 
mamrmilare.: In front of the Pituitary body is an optic chiasma. 
On the ventral side of the mid brain are the crura cerebri in the 
form of two Strong bundles of fibres. The hind brain has a cere- 
bellum and a medulla oblongata. There is a thickening under the 
anterior part of the medulla called pons Varolii which consists of а 
пай EO bres: extending transversely and connecting the two sides of 


Sagittal section—Anteriorly is an olfactory bulb projecting from 


below the cerebral hemisphere and continuing behind as an olfac- 


tory tract. Olfactory lobe has a small B x 
cerebral hemisphere has : Cavity, the rhinococl. Each 


roof called a neopallium. The neopallium is made of two parts, ап 
outer grey matter or cortex having a large number of nerve cells 
arranged in layers, and an inner medulla made of medullated nerve 
fibres. The greater part of the floor in the anterior region of the 
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Fig. 499 Sagittal section of the brain of rabbit. 


hemisphere is occupied by fibrous HIPPOCAMPUS 
tracts, the corpora striata, which are р... 

joined by an anterior commissure. pen М NEOPALLIUM 
Behind the corpus striatum is a pair of 
ventrally projecting hippocampal lobes 
which are joined to each other by a 
hippocampal commissure. The two 
cerebral hemispheres are connected to 
each other by a transverse band of nerve 
fibres forming the corpus callosum, андаа 
which lies above the roof of the ESRIFORMIUOBE 
lateral ventricle; it is characteristic Fig. 500 T.S. of cerebrum (half) 
of mammals. The anterior part of REEL 
corpus callosum is bent forwards to form a genu, while posteriorly 
it bends downwards and forwards constituting a splenium. Splenium 
is connected with another tract of fibres which run longitudinally 
and form the fornix lying below the lateral ventricle. Betwsen the 
corpus callosum and fornix is a double membrane, the septum pellu- 
cidum, having a small cavity, the pseud | Behind the cerebral 
hemisphere is the diencephalon which has the 3rd ventricle or diacoel. 
A delicate membrane, the lamina terminalis, marks the anterior 
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boundary of the 3rd ventricle. The 3rd ventricle communicates 
with the lateral ventricles by an interventricular foramen of Monro. 


DIENCEPHALON 
ITER 


CRUS CEREBRUM 


4TH. VENTRICLE 
MEDULLA OBLONGATA 


Fig. 501 І.Н. S. of the brain showing ventricles. 


[On the roof is a stalked pineal body which has become an endocrine] 
gland; however, in rabbit no significant hormone is produced 
by this gland. The side walls form thick, prominent optic thalami 
which fuse together in the third ventricle forming a large mass called 

[ soft or middle commissure. Soft commissure is really not a commissure 
since it has no fibres. A habenular commissure joins the two optic 
thalami. The roof of the third ventricle in front of the pineal stalk 
fuses with the pia mater to form an anterior choroid plexus that extends 
into the diacoel, and through the foramen of Monro into the lateral 
ventricles. Floor of diencephalon has an infundibulum to which the 
hypophysis is attached, the two together form a pituitary body. 
Behind the pituitary is a swelling called corpus albicans which contains 
ganglia.of olfactory sense. In front of the pituitary the two optic 
nerves cross to form an optic chiasma. In higher mammals all sensory 
fibres of optic nerves do not cross or decussate, but only the inner 
fibres cross and go to the eye of the opposite side, the remaining fibres 
go to the eye of the same side, this arrangement makes binocular 
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vision possible. But im rabbit almost all optic fibres decussate, so it 
has uniocular or monocular vision. 

In the mid brain is a narrow iter or Sylvian aqueduct, the roof 
of which is occupied by four solid optic lobes constituting the corpora 
quadrigemina, the floor is formed by the crura cerebri which are 
thickenings consisting of bundles of fibres. Vision is controlled by the 
cerebrum largely, and to some extent by the anterior parts of the 
anterior optic lobes. A posterior commissure joins the two anterior 
opticlobes. The hind brain has a cerebellum and a medulla oblongata. 
Cerebellum has no ventricle, it has thick folded surface, so that 
in section the infolded grey matter and interior white matter form a 
tree-like arbor vitae. Cerebellum is joined by tracts of nerve fibres 
called peduncles to other parts of the brain. Between the peduncles 
transverse fibres form a valve of Veiussens which joins the optic lobes to 
the cerebellum. The anterior part of the medulla on the ventral side 
is swollen to form the pons Varolii which joins the two lateral lobes of 
the cerebellum. The medulla is divided by a ventral fissure forming 
two pyramids; it has a large metacoel or 4th ventricle, whose roof is 
non-nervous and folded forming the posterior choroid plexus, which has 
an aperture called foramen of Magendie opening into the ventricle. 

Characteristics of mammalian brain—The brain of a rabbit shows 
many advances over that of a frog, it reaches a high degree of structural 
and functional complexity, besides being of a relatively large size. 

1. The cerebral hemispheres are enormous in size, this growth is 
due to a thickening of the roof or neopallium which has an outer 
thick layer of neurons and their dendrites forming the grey matter 
or cerebral cortex, and an inner layer of medullated nerve fibres 
forming the medulla. The cortex is further increased in higher 
mammals by infoldings forming grooves or sulci and ridges or gyri. 

2. The fibres of medulla carry impulses from the cortex, and bring 
impulses from other parts of the brain to the cortex; thus the cerebrum 
has the power of co-ordination, and mammals can meet new situations 
by new behaviour. 

3. The large cerebral hemispheres cover other parts of the brain, 
the two hemispheres are separated by a deep median fissure and are 
further marked out into a number of lobes. 5 

4. The cerebral cortex of two sides is joined by a transverse 
band of nerve fibres called corpus callosum, and by a longitudinal band, 
the fornix, both are characteristic of mammals. 

5. Olfactory lobes are small and degenerated. 


У 
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6. Mid brain has thick lateral optic thalami which meet in the 
middie as a middle commissure. 


7. The solid optic lobes form corpora quadrigemina. 


8. The cerebellum is enormous and five-lobed, its surface is folded 
to form an outer cortex or grey matter and inner white matter, both 
forming an arbor vitae. The two sides of the cerebellum are joined 
ventrally by transverse fibres called pons Varolii. Fourth ventricle 
does not extend into the cerebellum. 


9. There are twelve pairs of cranial nerves. 


10. The main bundles of nerve fibres, on the two sides of the 
'brain, which pass forwards and backwards between the brain and 
‘spinal cord, run through the ventral portion of the hind brain above 
‘the pons Varolii, then these fibres cross or decussate to the opposite 
side of the brain. Besides these, there are transverse fibres or commis- 
suares joining two similar parts of the brain. The various decussa- 
tions and commissures provide pathways which make crossings possible 
and integrate the activities of the two sides of the body. An injury 


to the brain on one side will paralyse the muscles of the other 
side. 


Functions of the Brain—The brain receives nerve fibres from all 
‘parts of the body, hence the brain is the control centre for various 
activities of the animal. The olfactory lobes are concerned with 
the organs of smell The cerebral hemispheres are the dominating 
parts of the brain; they receive impulses from the nose, eyes, ears, 
and tactile receptors and control their functioning. The hemispheres 
аге also the seat of voluntary actions and they co-ordinate the 
activities of the animal. Moreover, the cerebral hemispheres are the 


‘seat of memory, consciousness, associations, imagination, will power 


апа experiences. Diencephalon relays impulses from the posterior 


regions to the cerebral hemispheres, it recognizes sensations of heat, 
cold, pain, and body movements, and it regulates visceral and somatic 
activities of the autonomic nervous System. The anterior optic lobes 
along with the cerebral hemispheres control vision; the posterior optic 
lobes are auditory in function. The cerebellum is concerned with 
balancing and co-ordination of muscles, responses started by cerebral 


hemispheres are carried out by the cerebellum, and it makes necessary 


adjustments for the orders of the cerebral hemispheres. The medulla 


oblongata controls heat, respiration, taste, blood pressure and 
secretions of digestive glands, it transmits impulses from the cerebral 
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hemispheres to the spinal cord and also in the opposite direction; thus 
it regulates muscular complex movements of the body. 


Hypothalamus, the mighty tiny part of the Brain— 


Hypothalamus is such an important part of the brain that it 
needs а separate treatment. Its functions are of greatest importance 
both for survival and for the enjoyment of life. It is a link bet- 
ween psyche (mind) and the soma (body). It is also a link between 
the nervous system and the endocrine system. Certain areas of 
the hypothalamus act as pleasure centres or reward centres for 
primary needs such as eating, drinking and mating. The large 
variety of functions may be summarized thus : 

(1) Tracts extend from the hypothalamus to both parasympa- 
thetic and sympathetic centres in the medulla and the spinal cord. 
Impulses from the hypothalamus can stimulate or inhibit the lower 
autonomic centres. It, thus, serves as a regulator and coordinator 
of autonomic activities. It helps control and integrate the responses 
made by visceral effectors all over the body. 

_ (2) Hypothalamus is a relay centre between the cerebral cortex 
and the lower autonomic centres. Impulses from various centres 
in the cerebral cortex are conducted to the hypothalamus, which 
are further relayed to autonomic centres in the menulla and spinal 
cord. Thus hypothalamus becomes a link between mind and body. 
It is a route by which emotions can express themselves in changed 
bodily functions. 

(3) Hypothalamus has centres for regulating body-temperature. 
In the anterior part of the hypothalamus lies a group of cells referred 
to collectively as the “human thermostat". These neurons are ther- 
mal receptors and are stimulated by a very slight increase in the 
temperature of the blood above the point at which the human ther- 
mostat is set—normally about 37°C (984°C). Whenever the tempe- 
rature of blood circulating past these neurons increases by as little as 
0:01°C above 37°C, these neurons send out impulses that reach sweat 
glands and blood vessels of the skin. They stimulate the body's two 
million or more sweat glands to step up their secretion. Heat lost 
during the evaporation of sweat brings the temperature to normal. 
Reverse mechanisms work when body temperature falls below normal. 
Less sweat is produced, skin blood vessels are constricted, shivering 
ction occur. Heat and cold receptors 


and voluntary muscle contra > 
of the skin are involved in the thermoregulation. 


A. B.—45 
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(4) Neurons in the supraoptic and paraventricular nuclei of the 
hypothalamus synthesize hormones secreted by the posterior lobe .of 
the pituitary gland. Hypothalamus plays an essential role in 
maintaining water balance through ADH (antidiuretic hormone). 


(5) Hypothalamus is a part of the mechanism that controls 
the secretion of hormones from the anterior pituitary lobe. It 
amounts to a control on the functioning of every cell in the body. 
Neurons in certain parts of the ‘hypothalamus synthesize chemicals 
called neurosecretions. They are released from the axons of these 
neurons into the blood in a complex of small veins known as 
pituitary portal system. Neurosecretions travel via this portal system 
to a short distance from the hypothalamus down to the anterior 
lobe of pituitary and stimulate the cells to secrete various hormones 
such as growth hormone (STH) and TSH. 


(6) Hypothalamus plays an important role in maintaining 
consciousness or alertness in the waking state. Consciousness results 
from the impulses reaching the cerebral cortex via the so-called 
reticular activating system. This system consists of the uerve cells 
in the medulla and the communicating fibres which have relay 
centres in the hypothalamus which pass on the impulses into the 
cerebral cortex. Naturally, anything which can block conduction 
by the reticular activating ‘system will result in unconsciousness. 
General anesthetics block the activating centre by inhibiting con- 
duction of impulses. Certain drugs, such as amphetamines and 
Adrenalin produce the opposite effect, stimulating the activating 
system and thereby produce wakefulness, : : 

(7) .Feeding or ‘appetite centre’ and 


in the lateral and medial parts of hypothalamus respectively. This 
hypothalamus Controls the ‘intake’ mechanism. A tumour in the 
appetite centre region of hypothalamus may cause the subject 
taking up enormous quantity of food and the subject gaining 
enormous amount of weight. | 


‚ (8) Hypothalamus helps control vari i i 
- y l ous reproductive functions 
by producing meurosecretions that contro] the заан of gona- 
dotrop and loctogenic hormone from the anterior lobe of 
pituitary. - 


From the foregoing account it ma. file ete t 

DIE 2 l шау: ђе summarized that wha 
hypothalamus does through its neurosecretions is to translate nerve 
impulses into hormone ‘secretion by. the endocrine glands. It is à 


‘satiety centre’ are located 


ү 
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Brain of Rabbit and Frog 
ee rr ay e TE 
Region | Rabbit Frog 


FORE BRAIN 
(i) Olfactory 
lobes 


(ii) Cerebral 
hemispheres 


(iii) Diencephalon 


MID BRAIN 
(i) Optic lobes 


(ii) Crura cerebri 
HIND BRAIN 
(i) Cerebellum 


(ii) Medulla 


Degenerate and small, 


have two parts, a bulb 
and a tract, the latter 
covered over by the cere- 
bral hemispheres. Olfac- 
tory ventricles are not 
conspicuous. 

Are enormous in size and 
form $ part of the entire 
brain, each hemisphere is 
divided into lobes by 
means of fissures. 
Corpus callosum pre- 
sent, several additional 
commissures. 

Cerebral cortex thick and 
external. 

Covered by hemispheres, 
only some optic fibres 
decussate except in lower 
forms. 


Four (corpora quadri- 
gemina) anterior pair lar- 
ger, optic lobes are solid. 
Very thick bands.. 


Large, has folded sur- 
face and divided into 
five lobes, cerebellar cor- 
tex is thick and folded to 
form arbor vitae. 

Thick anterior part bears 
pons Varolii which joins 
the two halves of cere- 
bellum. 

12 pairs. 


Relatively well deve- 
loped and fused behind 
with each other, have 
well formed olfactory 
ventricles. 


Are relatively small 
and form $3 part of the 
entire brain, there are 
no fissures and no 
foldings on the surface. 
No corpus callosum, 
only anterior commis- 
sure. 

Cortex is inconspicuous 
and internal. 

Not covered by hemis- 
pheres. All optic fibres 
decussate. 


Two only (corpora bi- 
gemina) hollow having 
optocoels. 
Comparatively thin. 


Very small and~ not 
divided into lobes, 
cortex poorly deve- 
loped and is internal. 


Of the same thickness 
as the rest of the brain. 
No pons Varolii. * 


10 pairs. 
Two. 


Мей е (Тыва: олса hon “Ret 1 ШЫ 


b 
CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


692 ANIMAL BIOLOGY 


link between the nervous system and the endocrine system. The 
fact that tracts extend from cerebral cortex to the hypothalamus 
is of great importance. The cortex not only receives impulses from 
all parts of the body and sends out impulses to effector organs 
like muscles and glands, the cerebral cortex, and therefore our 
thoughts and emotions, can, by way of hypothalamus influence the 
functioning of all our billions of cells, not just muscles and glands. 
This supports the circular theory of mind and body relations, the 
somatopsychosomatic theory. The state of the body influences 
mental processes, which in turn, influence the state of the body. 

Spinal cord—Although the structure of the spinal cord of rabbit 
is the same as that of the frog, yet there are some differences. Spinal 
cord starts from the cervical region and terminates in the lumbar region, 
though there is a tail. It has a thin central canal that communicates 
with the 4th ventricle of the brain. 

Spinal cord is composed of central grey matter in which lie 
nerve cell bodies of neurons, and an outer white matter in which lie 
medullated nerve fibres. The grey matter of mammals presents a 
characteristic butterfly shape in section. Extending from the grey 
matter are four horns or cornua, two dorsal horns and two ventral 
horns. Lateral horns lying on the sides of the grey matter are also 


DORSAL 
FUNICULUS 


PIA MATER 
DORSAL HORN 


LATERAL 
HORN 


VENTRAL HORA 


WHITE MATTER 


CENTRAL САМА VENTRAL FISSURE 
VENTRAL FUNICULUS 
Fig. 502 T. S. of spinal cord of a mammal. 
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9 
recognized, but these are well marked only in the thoracic, upper 
lumbar and sacral regions. This arrangement of grey matter divides 
the white matter on each side into three columns or funiculi called 
the dorsal, lateral and ventral columns or funiculi. 

The dorsal fissure is represented merely by a hollow groove, the 
dorsal sulcus, from which a thin dorsal septum passes inwards, ventral 
fissure is a deep groove. ; 

In each segment (corresponding to the number of vertebrae) the 
spinal cord gives off a dorsal and a ventral root on each side, 
which can be traced to their origin in the dorsal and ventral horns 
of the grey matter respectively. 

Four functional divisions of the spinal cord, namely, the somatic 
sensory, somatic motor, visceral moter and visceral sensory are extre- 
mely well developed in mammals. 

Reflex control—The mechanism of reflex control in the spinal 
cord of mammals is the same as described in the case of frog. The 
dorsal roots are wholly afferent and each has a ganglion containing 
the cell bodies of afferent fibres. The ventral roots contain 
efferent fibres whose cell bodies lie within the spinal cord. The 
afferent fibres, that enter the dorsal horns of grey matter, sometimes 
make direct contacts with the cell bodies within the ventral horns, 
thus establishing a two-neuron or monosynaptic reflex arc. More 
usually, the afferent fibres of the dorsal root end in connections with 
the cell bodies of association or internuncial neurons, whose axons 
either run to the ventral horn and form synapses with the cell bodies 
of the efferent fibres, or with other pathways going to the brain. 


П. Peripheral Nervous System 


Cranial nerves—The dorsal and ventral nerve roots arising 
from the brain form cranial nerves. The roots never join (as they do 
in case of spinal nerves) and each nerve represents a root. Rabbit 
has twelve pairs of cranial nerves. Nerves which have their origin 
from the dorsal roots are sensory and those having their origin from 
the ventral roots are motor. The III, IV, VI and XII cranial nerves 
represent ventral roots; they consist mainly of motor or efferent 
fibres and have no ganglia. The V, VII, IX, X and XI nerves are 
dorsal roots having ganglia; they consist mainly of sensory and some 
motor fibres, hence they are mixed nerves. The I, II, and VIII nerves 
are purely sensory, but the I and IT are different from other nerves, 
because they do not arise from the brain but grow backwards from 
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Fig. 503 Cranial nerves of rabbit. 
the nose or eyes respectively and then join the brain. The VIII is 
a dorsal root composed of sensory fibres. 

Spinal nerves—The dorsal and ventral nerve roots of the spinal 
cord join and then immediately divide into two branches, the ramus 
dorsalis and the ramus ventralis. In many segments, corresponding 
to the number of vertebrae (except in the hinder part), one or more 
additional branches called rami communicantes (ramus communicans— 
singular) join the sympathetic nerves. 

Spinal nerves have a segmental arrangement and in rabbit there 
are 8 cervical, 12 thoracic, 7 lumbar, 4 sacral and 6 caudal nerves. 

In the cervical region, the spinal nerves 1, 2 and 3 supply the skin 
by their dorsal rami and the muscles of the neck by their ventral 
rami. Cervical nerves (ventral rami) 4th, 5th and 6th give out 8 
branch each, all of which combine to form the phrenic nerves SUP- 
plying the diaphragm. The main branches of cervical nerves (ventral 
rami) 4th to 8th and of the first thoracic nerve anastomose together 
to form a complex brachial plexus in connection with the fore limbs 
and distribute their fibres to form the nerves of the arm. Chief nerves 
arising from the brachial plexus on each side are the radial, ulnar 
and median supplying the muscles and skin of the arm. The dorsal 
rami of the cervical nerves supply the skin of their own segment. 

In the thoracic region there are 12 paired nerves whose ventral 
rami form the intercostal nerves supplying the muscles attached tO 
the ribs. Their dorsal rami supply the skin of the chest. . 
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| Lumbar nerves 1 fo 3 supply the abdominal muscles and skin. 
More caudal lumbar nerves from fourth to seventh, together with 
three anterior sacral nerves, form the sciatic or lumbosacral 
plexus developed in connection with the hind limbs. Main bran- 
ches from the sciatic plexus are the femoral, obturator and sciatic 
that supply the muscles and skin of the hind limbs. Fourth sacral 
nerve supplies the skin and muscles of the sacral region of the body. 
Caudal spinal nerves supply the skin and muscles of the tail. 
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Since the spinal cord in mammals terminates in the lumbar region, 
the roots for the hinder segments run back for a considerable distance 
within the vertebral canal and form a bundle, the cauda equina (from 
its resemblance to a horse's tail) in the middle of which is the 
narrow  non-nervous continuation of spinal cord called filum 
terminale. 

Ш. Autonomic Nervous System 

Internal activities of visceral organs are controlled by a system 
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Fig. 505 Autonomic nervous System (generalized). 
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or ganglia and nerves called autonomic system; it is a visceral motor 
division arising from the ventral part of the spinal cord. It is partly 
independent and not under voluntary control, though it is involuntarily 
controlled by the central nervous system. Visceral organs receive 
fibres from two sources, the visceral sensory and visceral motor 
divisions of the spinal cord. Whereas the cell bodies of the sensory 
fibres are situated in the dorsal root ganglia, the cell bodies of the 
motor fibres are situated inside the spinal cord (ventral horn of grey 
matter). The axons of the motor fibres are short and medullated 
(white) and usually end in the autonomic ganglia situated close to 
the spinal cord, or close to the organs they supply, and form synapses 
with the cell bodies of the fibres that connect the autonomic ganglia 
to the organs. Thus the visceral motor fibres can be differentiated 
into two sets, pre-ganglionic fibres (white) and post-ganglionic fibres 
(non-medullated, therefore grey; (Chapter 13). 

Autonomic system has two divisions, sympathetic and parasym- 
pathetic systems. They are anatomically distinct and physiologically 
antagonistic in their actions. Each visceral organ receives a sympa- 
thetic fibre, which stimulates the organ to start a function, and a 
parasympathetic fibre, which is inhibitory and stops a function. 

Sympathetic system—There is a pair of sympathetic nerves bearing 
a chain of ganglia, each nerve extends from the neck to the end of the 
abdomen. The head and tail are supplied by fibres originating in gang- 
lia of the neck and trunk. Postganglionic nerve fibres of the sympa- 
thetic system at their neuroeffector endings secrete chemicals neurotra- 
nsmitters called noradrenaline or norepinephrin or sympathin. Some 
fibre endings (mostly parasympathetic) secrete another neurotrans- 
mitter substance called acetylcholine. Fibres secreting adrenaline- 
type chemicals are called adrenergic, while those secreting acetylcho- 
line are called cholinergic. The only adrenergic fibres are the sym- 
pathetic postganglionic fibres except those to sweat glands and blood 
vessels of skeletal muscles and some skin blood vessels. The choliner- 
gic fibres are : pre-ganglionic axons, all parasympathetic post-ganglio- # 
nic axons, a few sympathetic post-ganglionic axons, namely, those of 


sweat glands, smooth muscles of certain blood vessels (i. е. blood 


eletal muscles and some parts of the skin). In rabbit, 
бете с: nerve has two cervical ganglia, an inferior cervical or 
stellate ganglion at the level of subclavian arteries, and a superior 
cervical ganglion lying dorsal to the point of division of the carotid 
arteries. These ganglia receive pre-ganglionic fibres from the spinal 
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cord through the rami commnnicantes of the thoracic region. Post- 
ganglionic fibres from the superior cervical supply the organs of the 
head, such as the eye and salivary glands, and those from the inferior 
ganglion supply the heart and lungs. 

In the thoracic and lumbar regions the sympathetic nerve has 
regularly arranged ganglia, one for each spinal nerve. Each 
ganglion receives white medullated pre-ganglionic fibres through the 
ramus communicans. Post-ganglionic fibres are given out from the 
sympathetic chain in the lower thoracic and upper lumbar regions, 
which form large coeliac and anterior mesenteric ganglia, that supply 
the smooth muscles and blood vessels of stomach, pancreas, liver 
and the small intestine. 

The viscera of the lower abdomen receives fibres from a mesenteric 
or hypogastric ganglion that supplies the colon, rectum, gonads, 
bladder and kidney. The sympathetic nerves emerge from Ше 
thoracic and lumbar regions of the spinal cord, hence they constitute 
a thoracico-lumbar group of nerves. 

Parasympathetic system—Parasympathetic fibres run in nerves of 
the head and sacral region. The parasympathetic fibres on stimulation 
secrete at their neuroeffector endings, a chemical called acetylcholine. 
The pre-ganglionic fibres in the Ш cranial nerve run to the ciliary 
ganglion in the orbit. Post-ganglionic fibres supply the muscles of the 
iris. Other parasympathetic nerves consist of fibres in the VII, IX and 
X cranial nerves controlling the secretion of salivary glands and the 
activities of the heart, stomach, liver, pancreas and intestine, and their 
blood supply. Parasympathetic pre-ganglionic fibres in the sacral 
region arise from sacral nerves numbers 2 and 3, and end in the pelvic 
ganglion from where post-ganglionic fibres go to the bladder, kidney, 
colon, rectum and gonads. The parasympathetic nerves arise from 
the brain and sacral region of the spinal cord, hence they constitute 


a cranio-sacral group of nerves. 
Questions 


Arrange the meninges of rabbit in their natural sequence. 


What is the functional importance of arachnoid villi ? 


1 

2 2 
3. Compare the brain of rabbit with that of frog’s. 
4 


inpoint the actual location of the following — — 
rae of Monro, Sylvian fissure, arachnoid villi, iter, 


corpora quadrigemina, vermis, pons and optic chiasma. 
5. Ilustrate the ventricles in the brain of rabbit. 
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Mention briefly the functionalimportance. of foramen of Monro, 
foramen of Magendie, corpus callosum and pons Varolli. 
Differentiate between the T. S. of spinal cord of rabbit and of 
frog. 

Describe the name, origin and distribution of cranial nerves V 
and X in rabbit. 


Differentiate between filum terminale, cauda equina and sciatic 
plexus. 


Enumerate fundamental differences between sympathetic and 
parasympathetic systems. 


How are epinephrine and acetylcholine concerned with the 
nervous system ? 
What is very characteristic of mammalian cerebral hemispheres: 
corpus striartum/corpus spongiosum/corpus callosum*/ corpus 
luteum. 
Thalamencephalon is the alternative term for— 
cerebral hemispheres / cerebellum / diencephalon*/ optic lobes. 
Which of these have solid optic lobes :— 
frog | rabbit* / man*/ snake/ pigeon? 
Foramen of Monro connects : — 
metacoel with spinal canal / diocoel with lateral ventricles* / 
lateral ventricle with rhinocoel / optocoels with diocoel. 
Brachial plexus is formed of 5 cervical nerves and one thoracic 


spinal nerve*/3 thoracic spinal nerves/last thoracic and 5 lumbar 
spinal nerves. 


Which of these actions is not sympathetic :— 


‚ accelerated peristalsis in stomach* / dilatation of pupil / relaxa- 
tion of bladder muscles increased heart beat? 


Discuss the significance of the hypothalamus. 

What is ‘arbor vitae’ ? 

(a) the grooves and ridges of cerebral hemispheres, 

(b) the floor of mesencephalon, 

(c) the four divisions of optic lobes, 

(d) the branching of grey matter in the cerebellar cortex*. 
Rearrange these in order— 

glossopharyngeal, abducens, vagus, facial and auditory. 

Temperature control centre is located in the : 
Á hippocampus / hypothalmus* | hypophysis. 

‘Human thermostat” is set at : 2TC[3T*C*[908:4* F*J47: 5C. 
The sensory ganglion concerned with spinal reflex is located in 


the : dorsal horn of grey matter of spina] cord/ dermis of skin/ 


ventral root of spinal nerve / dorsal root of spinal nerve*. 


(CPMT-1988) — 
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24. Which one is a neurotransmitter : 
thyroxine, epinephrine*, insulin, chymotrypsin (PM T-1989). 

р 25. Number of spinal nerves in rabbit are: 

32 pairs/ 34 pairs/ 37 pairs*/ 39 pairs. (PMT-1990) 

26. Which of the following is one of the functions of the parasym- 
pathetic system in mammals : constriction of the pupil*/accelera- 
tion of heart beat/ stimulation of sweat glands/ contraction of 
hair muscle. (PMT-1990) 
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CHAPTER 3 7 


—— —— a 


. THE RECEPTORS 


E _ 


1. Receptors in the skin—Skin of mammals is highly sensitive and 
has several types of mechanoreceptors that respond to mechanical 
CONNECTI touch, pressure, cold, warmth or pain. 
WG Sd) Simplest type of receptors in the skin 
are small groups of cells in the deeper 
parts of epidermis and superficial 
layers of dermis, they are supplied 
with branches of sensory nerves known 
as free nerve-endings, they are sensitive 
to touch (tangoreceptors), or to pain 
(algesireceptors). Specially developed 
sensitive hairs, the vibrissae, are sensitive 
and respond to air movements. The 
skin is also provided with tactile cor- 
Fig. 506 А cutaneous puscle lying in the dermis. A corpus 
согризсіе. cle consists of а core of nerve fibres 
surrounded by concentric sheaths of connective tissue. The corpuscles 
may be sensitive to touch (tangoreceptors), some respond to cold 
(frigidoreceptors), and some to warmth or heat (calaroceptors). 

2. Chemoreceptors—Mammals have organs of taste and sm 
as chemoreceptors, and they can detect substances only if they 16 
in solution. 

A. Organs of taste ог gustatoreceptors—Organs of taste are 
taste-buds found on the tongue papillae (described in Chap. 30) and 
roof of the buccal cavity. A taste-bud is a barrel-shaped group of 
two kinds of cells, the neurosensory cells and supporting 
Neurosensory cells receive fibres from the VII and IX cranial nerves: 
Neurosensory cells are elongated and each has a sensory hair distally; 
the hairs project in mammals only into a depression called taste por? 


which is an opening of the taste-bud. Neurosensory cells lie mostly 2 : 
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Fig. 507 V. S. of a mammalian taste-bud. 
the middle and around the neurosensory cells are elongated supporting 
cells. Substances dissolved in mucus and saliva stimulate the cells of 
taste-buds and produce bitter, sweet, salty, or sour (acid) sensations. 

Taste buds are exposed to a hostile environment; they function in 
man for about ten days before disintegrating and being reabsorbed 
by the body (Beidler, 1963). New taste buds keep on replacing the 
old worn out and disintegrating buds almost with the same speed. 

B. Organs of smell or olfactoreceptors—The elongated nasal 
passages contain folded turbinal bones called ethmoturbinals, 
maxilloturbinals and nasoturbinals. Olfactory or Schneiderian epithe- 
lium (membrane) covers these turbinals and is composed of neuro- 
sensory cells, mucous cells and supporting cells (Chapter 14). Neuro- . 
sensory cells have several delicate olfactory hairs, they are spindle- 
shaped and nerve fibres pass from them to the olfactory lobes. Mucous 
cells produce mucus which holds back particles of dust and it also 
dissolves odoriferous substances. Neurosensory cells are covered 
with fluid mucus in which substances must dissolve before the animal 
can smell them. The epithelium of maxilloturbinals is not sensory, 
but it warms and moistens the air on its way to the lungs. The 
epithelium of ethmoturbinals forms the olfactory region which is 
sensory to smell. The nasoturbinal epithelium has no olfactory cells. 

Each nostril of rabbit has an ovoid sensory pad having minute 
papillae and ridges. These pads are tactile and they act as distance 

ing the air. 
curo Gr photoreceptors — The spherical eyeball lies in the 
orbit, and only about 1/5th is visible externally. The eyeball has 


A.B.—46 
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six extrinsic muscles which move the eyetall in the orbit, they 
are four rectus muscles and two oblique muscles. Abnormally long or 
short size of these muscles causes unbalanced movement of the eye 
ball to one side, the condition then is known as strabismus, The 
eyeball is composed of three coats, an outer sclerotic, middle choroid 
and an inner retina. Sclerotic is a tough layer of modified fibrous 
connective tissue, it has no supporting cartilage in mammals, it 
corresponds to the optic capsule, but it never fuses with the skull. 
The sclerotic on the front side is transparent and non-vascular 
and known as cornea. The epidermis forms a delicate, transparent 
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\ Ў Fig. 508 Vertical section of mammalian eye. 

conjunctiva covering the cornea; conjunctiva contains blood capillaries 
and it is continuous with the epidermis of the eyelids. The 
two eyelids bear eye lashes on their margins. A third eyelid oF 
nictitating membrane is transparent and can cover the cornea 
completely. Nictitating membrane of rabbit is a true third eyelid 
and is not a part of the lower eyelid, it can be pulled up by its 0? 
muscles. (In man it is much reduced and lies in the inner corner © 
the eye and is known as plica semilunaris.) All along the eyelids аге 
sensitive eyelashes (hair), and at their bases are modified sweat gla” 
called Mohl glands. Mohl glands are of interest to man, because 
they frequently become injected, forming a styge. On the margins of 
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eyelids are small Meibomian glands which secrete an oily substance 
for lubricating the eyelids. Behind the eyeball in some mammals is 
a Harderian gland which keeps the conjunctiva moist. (Man and 
rabbit have no Harderian glands.) Below the outer corner of the 
upper eyelid are lachrymal or tear glands which produce watery tears 
on the surface of the eye, excess tears are drained by a lachrymal 
duct into the nose. A germicidal enzyme called lysozyme produced 
in the tear glands defends the eye from harmful bacteria. The choroid 
is made of loose but highly vascular connective tissue having dark 
brown pigment. In front the choroid thickens as a circular ciliary 
body with blood vessels, glands and circular and meridional ciliary 
muscles, In front of the ciliary body the choroid separates from the 
sclerotic and bends inwards as an iris which also contains muscle 
fibres. In the middle of the iris is an aperture, the pupil, the muscles 
of the iris can alter the size of the pupil in many animals. 

The iris divides the cavity of the eyeball into a small anterior 
aqueous chamber and a large vitreous chamber. Behind the anterior 
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Fig, 509 Ultrastructure of visual cells. 
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chamber is a small space called posterior; chamber lying between 
the iris and the lens and suspensory ligaments. The anterior and 
posterior chambers contain a watery aqueous humour and the vi. 
treous chamber is filled with a gelatinous vitreous humour. These 
fluids are, probably, actively secreted by the blood capillarise located 
mainly in the ciliary body. Passive filtration of fluid from blood 
also takes place into the posterior chamber. The vitreous humour 
is perforated from front to behind by a narrow tube called hyaloid 
canal which contains blood vessels in the embryo, but the blood 
vessel disappears in the adult. The amount of aqueous. humour 
remains roughly constant. From the posterior chamber, aqueous 
humour moves between the iris and the lens and on through the pupil 
into the anterior chamber. From here it drains into the canal of 
Schlemm and moves on into small veins. Rate of secretion of 
aqueous humour and its being drained out is the same, this keeps 
a constant intra-ocular pressure, about 20 mm Hg. Sometimes 
this balance is upset and the pressure rises to 25 mm Hg, causing a 
condition called glaucoma. Increased pressure is due to the blockade 
of canal of Schlemm caused by the pushing of the iris forward. 
Eyedrop medication can dilate the canal, otherwise a new outflow 
duct can be created surgically. Behind the iris is a transparent 
biconvex lens in a lens capsule, which is attached by suspensory 
ligaments to the ciliary body. 

The retina is the innermost coat of the eyeball, its structure is 
basically the same as in a frog (Chapter 14). It has an outer layer of 
pigmented cells (brown) next to the choroid and an inner retina proper 
or sensitive layer. The retina proper has an outer layer of rods and 

` cones which are visual cells or photoreceptors. The rods contain 4 
purple photochemical pigment rhodopsin or visual purple and they can 
distinguish various degrees of light and darkness, whereas cones contain 
a violet photochemical pigment called iodopsin; cones are concerned 
with colour vision, but only Primates are able to identify colours. 

Finer structures of rods and cones have been noticed under 
electron miscroscope. Accordingly both rod and cone have four 
parts : the outer sensitive segment, the cilium, inner segment and 
the fibre. Outer segment of cone is smaller than that of the rod. 
In the rod, the outer segment is composed of a large number of discs 
or lamellae placed one above the other, The discs have the visu 
purple colour and are sensitive to light. Newly formed discs keep 00 
pushing from below, at the same time old discs are thrown away 
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from the other end of ‘the outer segment. Outer and inner segments 
are connected by means of a thin bridge called cilium, which has the 
basic structure of a cilium or flagellum. Inner segment bears the 
organelles of a typical cell, such as the nucleus, mitochondria, Golgi 
apparatus, endoplasmic reticulum and the ribosomes. The remain- 
ing part of the rod cell is drawn out into a rod fibre which forms а 
branched synaptic body. Synaptic body contacts the bipolar neur- 
ons of the middle layer of retina. Discs of the sensitive segment of 
the cone are never replaced or renewed and are fewer than those in 
the rods: The middle layer of retina has bipolar ganglion cells which 
form synapses with rods and cones on one side and with the innermost 
layer of the retina on the inner side. The innermost layer of retina 
has ganglion cells whose axons spread over the inner surface of the 
retina in a meridional fashion, then converge posteriorly to form 
the optic nerve which pierces through the three coats of the eyeball. 
The exit of optic nerve forms a blind spot which is devoid of the visual 
cells. In the front half of the eye the retina loses its sensory layer, 
and only the layer of pigmented cells is continued in front up to the 
edges of the pupil. A small area on the : 

retina in line with the optical axis is called 
yellow spot or area centralis which contains 
yellow pigment. In the area centralis is a 
small depression, the fovea centralis, which 
is the area of most acute vision, it has only 
cones. 

Working of the eye—Light rays reflected 
from an object are refracted by the cornea, 
the light is then focussed by the biconvex 
lens, so that a sharp inverted image is formed 
on the retina. The inverted retinal image 
is interpreted by the brain, but the image is Fig. 510 Accommodation 
never re-inverted by the brain. The eye тише сус рон са 


lines show the 
has the power of accommodation for position ХӨ, Теш 


objects at various distances by changing the and iris when the 
convexity of the lens. In normal condition ligaments асе re- 
when the eye is at rest, the lens is adjusted laxed). = 


sen ета tht i i d 
for seeing distant objects; in this condition the Jens is kept flattene 

by the E Uy ligaments. When near objects are viewed, the 
ciliary muscles contract by which the Jens becomes more convex, the 
iris is pushed outwards and at the same time the cornea arches out- 
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wards so that the focal length is reduced and a clear image of near 
objects is formed on the retina. 

Cataract is a condition of the eye in which the front surface of the 
lens progressively becomes shielded by an opaque yellowish fibrous 
growth. The person’s vision is disturbed. Cataract turns thousands of 
people blinds. Today, by microsurgery the fibrous growth and the 
lens can be removed and replaced by an artificial lens of a special 
material called perspex. The normal vision is restored. The cost of 
the operation and perspex lens is high at the moment, but it is a 
great hope for the suffering people. 

In higher mammals there is binocular vision, or the fields of vision 
of two eyes overlap or even coincide, both eyes can be brought to bear 
ona single object, which not only enables an animal to estimate distances, 
but the images of the object fall on corresponding parts of the two 
retinae from which fibres run to one and the same side of the brain. 
This is because only some fibres of the optic nerves of higher mammals 
decussate, while the others go to the eye of the same side from which 
the optic nerve arises. In lower forms, including the rabbit, almost 
all fibres of the optic nerves decussate, consequently the two eyes have 
widely divergent axes of vision, since the fields of vision do not overlap. 
Thus the rabbit can see all around by its two eyes, each eye covering 
a different field of vision, this is called monocular vision. 

Rhodopsin or visual purple found in rods of the retina is highly 


Rhodopsin 
s Light 
Darkness очор 
: Meta-rhodopsin 
Scotopsin 
Retinene 
Vitamin A 


Fig. 511 The Rhodopsin cycle. 
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sensitive and undergcgs changes in response to light, it is broken 
down to form lumi-rhodopsin, which changes into meta-rhodopsin, 
which in turn transforms into a protein scotopsin and retinene. 
Retinene is a derivative of vitamin A. Scotopsin and retinene to- 
gether form the visual yellow. This chemical change stimulates 
the rods to generate impulses which are relayed to the fibres of the 
optic nerve. Visual purple is regenerated slowly but continually 
from scotopsin and retinene. It is not known how cones are stimulat- 
ed, but it is probably due to some other visual pigments such as 
iodopsin, chlorolabe and erythrolabe. Whereas the rods operate 
in light of low intensity, cones are stimulated with a light of high - 
intensity; hence cones are considered to be the receptors responsible 
for daylight and colour visions. 

In bright light the brown pigment of the outermost pigment layer of 
the retina spreads out, probably to protect the rods and cones. In poor 
light or darkness the brown pigment contracts exposing large surfaces 
of visual cells. This is the reason that nothing is visible for a time when 
one moves from bright light to darkness suddenly, because it takes some 
time for the pigment to contract and expose the rods and cones. 

Trichromatic theory of colour vision 

It was mentioned earlier that the cones have a photochemical 
pigment known as iodopsin. This pigment is not bleached readily even 
by light of high intensity. The trichromatic theory of colour vision 
depends on the principle of colour-mixing, i.e., all colours can be 
droduced by mixing the primary colours, blue, red and green, in 
various proportions. It has been confirmed experimentally that in 
the retina there are three distinct types of cones sensitive to the three 
primary colour-wavelengths, each responding and sending sensation 
to the brain distinct from the other. In other words, the Sensation, 
i. e., the colour ‘seen’ is determined by the relative excitation of the 
three receptor oe n of Eyes of Frog and Rabbit 

Frog Rabbit 
s spherical with | 1. Eye not quite spherical, three 
1. Ел d dm lower eyelid eyelids of which upper eyelid 
is freely movable, nictitating is larger and freely movable, 
: nictitating membrane small 
membrane is a part of lower 
and a separate structure. 


lid. dcn 5 
ыс i d has| 2. Sclerotic 15 entirely fibrous 
2. Sclerotic is fibrous an НЕЕ 


— some cartilage, ^ 7777 
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Tog * Rabbit 
Sn шш 
3. Well developed Harderian | 3. No Harderian glands, 

and lachrymal glands. A there are Meibomian and 
naso-lachrymal duct present. lachrymal glands. 


4. Accommodation is by mov- | 4. Accommodation is by chang- 
ing the lens forwards and | ing the focal length of the 


backwards by protractor lens : lens by ciliary muscles. 
muscles. i 

5. Retina has an area centralis | 5. Retina has an area centralis 
but no fovea centralis. | with a fovea centralis. 


4. Ears or statoacoustic organs—In terrestrial tetrapoda the ear 
has a double function of hearing and equilibrium, or the ear is sensi- 
tive to frequencies of sound waves and to changes in relation to gravity. 

The ear of mammals has three parts, an external ear, a middle 
ear and an internal ear. The external ear is characteristic of 
mammals, it has a large projecting pinna which is supported by 


elastic cartilage and covered with hairy skin. The ear-hole in the 


pinna leads into an external auditory meatus which passes through 
the tubular part of the tympanic bone. 

The middle ear is an irregular, air-filled tympanic cavity inside the 
tympanic bone, Tympanic cavity communicates With the pharynx by 
a pharyngo-tympanic tube or Eustachian canal which is normally closed, 
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Fig. 512 Т. S. of the head of rabbit through the car. 
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but opens during swallowing or yawning to equalize the air pressure on 

mateus _ Oth sides of the tympanic membrane. 
The tympanic membrane lies between 
the external auditory meatus and the 
tympanic cavity. The inner side of the 
middle ear has two windows leading 
into the internal ear, they are a fenestra 
ovalis or fenestra vestibuli and a fenestra 
rotunda or fenestra tympani, both are 
closed by membranes. Extending from 


STAPES the tympanic membrane to the fenestra 
Fig. 513 Ear ossicles ovalis is a chain of three bones or ear 
of rabbit. ossicles; they are a hammer-shaped 


malleus (modified articular of lower jaw), an incus (modified quadrate), 
and a stirrup-shaped stapes (modified hyomandibular or columella); 
the stapes fits into the fenestra ovalis. A tensor tympani muscle 
is attached to the malleus and it regulates the tympanic membrane 
which is stretched tight for faint sounds and loosened for loud 
noises. 

The internal ear has a complicated membranous labyrinth 
enclosed in an ivory-like periotic bone which follows the contours : 
of the membranous labyrinth internally to form a bony labyrinth.” 
The space between the bony and membranous labyrinths is filled 
with a lymph-like colourless liquid called perilymph. 

The membranous labyrinth has an upper utriculus and a lower 
sacculus, both are enlarged chambers and joined by a small duct called 
sacculo-utricular canal. From the sacculus arises a tubular 
endolymphatic duct which ends blindly. Three long, narrow 
semicircular canals (ducts) connect at both ends with the utriculus, 
they are at right angles to each and are called external, anterior and 
posterior semicircular canals. The anterior and posterior semi- 
circular canals form а common canal for some distance after their 
origin, this part is called crus commune. Each canal at its lower 
end has an enlargement called ampulla. The ampullae of external 


(or horizontal) and anterior canals lie close to each other. Inside 
each рш i a sensory crista formed by sensory hair cells and 
supporting cells, the hair cells have long non-motile hairs or stereoci В 
which are partly embedded іп а gelatinous mass, the cupola; Be 

receive nerve fibres. There are two sensory maculae in the sacculus, 


but none in the utriculus; they are like cristae having hair cells with 
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Fig. 514 Right membranous labyrinth of rabbit. 
stereocilia and supporting cells. From the sacculus arises а spirally 
coiled tube called cochlear duct or lagena, it has no macula. The 
membranous labyrinth is filled with a fluid, the endolymph, which 
contains small calcareous particles called otoliths. 

The auditory nerve divides into two branches, a vestibular branch 
going to the canals, utriculus and sacculus, and a cochlear branch 
innervating the cochlea. 

Cochlea—The word cochlea means ‘snail’. The spirally coiled 
cochlear duct or lagena is enclosed into and fused to the periotic bone 
which forms the bony labyrinth, the cochlear duct and the spirally 
coiled bony tube around it together constitute the cochlea. 

In man the cochlea takes 22 turns (23 turns in rabbit) around 4 
hollow conical central pillar called the modiolus from which a thin 
lamina of bone projects like a spiral shelf about half a way toward the 
outer wall of the canal. The cochlear duct is shaped like a tube 
but is a triangular rather than a round tube. It forms a shelf across 
the inside of the bony cochlea dividing it into an upper and а lower 
section all along its winding course. The upper section is the scala 
vestibuli, the middle section is formed by the cochlear duct itself 
and is called scala media, and the lower section is scala tympani- 
Scala vestibuli and scala tympani being parts of the bony labyrinth 
are filled with perilymph, and scala media being а part of the шеш" 
branous labyrinth contains endolymph. Scala media is separa 
from the scala vestibuli by its membranous roof called Reissner s 
membrane (after Ernst Reissner, German anatomist 1824-1878), and 
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{тош the scala tympan? by its floor called basilar membrane. Scala 
vestibuli and scala tympani communicate with each other only at 
the end of the cochlea by a narrow connection called helicotrema. 
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Fig. 515 Т. 5. of cochlea 


The scala vestibuli ends at the fenestra ovalis and the scala tympani 
ends blindly at the fenestra rotunda, the two fenestrae being separated 
by a plug of bone. 

Scala media has an internal lining of simple epithelium of ecto- 
dermal origin. This epithelium becomes highly modified over the 
basilar membrane where it forms a sensory ridge known as the organ 
of Corti (after Alfonso Corti, Italian anatomist 1822-1888), which 
consists of supporting cells and sensory hair cells. The outer pro- 
cesses of hair cells are embedded in an overhanging gelatinous 
tectorial membrane which rests lightly upon them. Tectorial mem- 
brane has fine fibres. The axonic fibres of the hair cells are connec- 
ted to the cochlear branch of the VIII cranial nerve. In the zie 
of the organ of Corti is a tunnel supported by cells сарв «т 
Supporting cells lying close to the hair cells have recei 
names, suchras Hensen’s cells and Deiter $ cells. 
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Fig. 516 Organ of Corti. 

Working of the ear—Ear is responsible for two totally different 
functions. First of these is equilibration which is controlled by 
semicircular canals and the utriculus, the sacculus and cochlea are 
concerned with the perception of sound. There are sensory patches 
in the ampullae of the semicircular canals called cristae. Hair cells 
of the cristae respond to slightest movements of the endolymph and 
the calcareous otoliths floating in the fluid. The utriculus and three 
semicircular canals are sensitive to any movements of the animal's 
head and to changes in accelerations or speed. Тһе macula in the 
utriculus is chiefly concerned with the changes in the posture of the 


animal and receives impulses that ultimately reach the muscles which 
maintain correct posture. 


Hearing—The pinna is movable and it may rotate towards sound 
waves to collect them. Sound waves travel through the external 
auditory meatus and cause the tympanic membrane to vibrate. 
The vibrations of tympanic membrane are conveyed through the chain 
of ear ossicles to the membrane over the fenestra ovalis to which 
the stapes is attached. Vibrations of the membrane of the fenestra 
ovalis cause alternate increase and decrease in the pressure in the 
perilymph filling the scala tympani, while the membrane of the fenestra 
ovalis moves outwards and inwards with the same frequency as that 
of the sound waves. Since the wall of the cochlea is made of a rigid 
bone, the fluid under compression causes the Reissner's membrane 
to vibrate up and down. Scala vestibuli is connected with the scala 
tympani by a small aperture, the helicotrema, but this aperture 
is too small to allow movements of the frequency of the sound 
vibrations to be transmitted through it, The movements of 318068 
are damped by the resistance of helicotrema and fenestra rotunda- 
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Accordingly when the pressure rises in the scala vestibuli, both 
Reissner 8 membrane and basilar membrane begin to vibrate in 
unison. Vibrations of the basilar membrane and Reissner’s membrane 
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Fig. 517 Diagrammatic representation of the course of 
sound waves in the ear. 
produce two effects, (1) the fluid in the scala tympani is compressed 
causing the membrane over the fenestra rotunda to bulge out, (2) the 
endolymph in the scala media is set into vibration. 

Vibrations in the scala media result in the distortion or bending 
and stretching of the hair cells of the organ of Corti, since they are 
embedded in the tectorial membrane. Distortions set up a train 
of events resulting in the production of nerve impulses in the hair 
cells that are conveyed by the cochlear nerve to the brain. Such 
impulses are interpreted as sound by the brain. 

Comparison of the Ears of Frog and Rabbit 


Rabbit 


The ear has three parts, an 
external ear, middle ear and 


Frog 


——_  ———+— 
1. The ear has two parts, | I. 
middle ear and an internal Д 
еаг. an internal ч f S 

2. j ne is flush | 2. Tympanic membrane is S 
es oe in at the end of the external 

auditory meatus. 
i has three ear 
3. Mi has a bony| 3. Middle ear 

Ade a cad a cartilaginous oe incus, malleus and 
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Frog * Rabbit 


4. Auditory capsule is formed | 4. Auditory capsule is formed 


м ооа 


by а pro-otic bone, it has a by a compound  periotic 


fenestra ovalis. There is no bone which forms an internal 

bony labyrinth. bony labyrinth. It has a 
fenestra ovalis and a fenestra 
rotunda. 

A constriction partially | 5. Sacculus and utriculus 

separates the sacculus and separated by а narrow 

utriculus. sacculo-utricular canal. 

A lagena and pars basilaris | 6. A cochlear duct (represents 

arise as outgrowths of the lagena and pars basilaris) 

sacculus, they are acoustic. joins the bony labyrinth to 
form a spiral cochlea which 
is a complicated acoustic 
organ. 
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Questions 
Enumerate the receptors in the skin of a mammal and describe 
any one of them. 
To what kind of stimuli the tongue responds ? Describe a 
receptor on the tongue surface. 
Compare the eye of a mammal with that of frog. 


Give an illustrated account of the sensitive cells in the eye of 
a mammal. 


Differentiate between : 

(a) rod and cone 

(b) yellow spot and blind spot 

(c) monocular vision and binocular vision 

(d) rhodopsin and scotopsin. 

What role does vitamin A play in the physiology of vision ? 


Give four outstanding differences between the ear of a mammal 
and the ear of a frog. 


Illustrate the mechanism of hearing in a mammal. 


Pinpoint the exact function of the tympanic membrane, Ca! 
ossicles, fenestra rotundum, semicircular ducts and thei 
ampullae, cochlea and auditory nerve. 

State exact location of organ of Corti, tectorial membrane 
scala tympani, cristae ampullaris, maculae, pharyngotympanic 
tubes and modiolus. 
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Accommodation in rabbit’s eye is brought about by : 
adjusting the eyeball in its orbit/altering the curvature of 
lens*/altering the volume of aqueous humor. 


Which of these are well-developed in rabbit but vestigial in 
man : 


cornea/ciliary body/nictitating membrane* [iris muscles. 


In a condition of the eye called cataract, the lens of the eye of 
man becomes : 


distorted/transparent/opaque* spherical. 
Binocular vision is found in : 
frog/rabbit/apes* [man*[pigeon[cow. 
Place these in correct order : 
incus, malleus, fenestra ovalis, stapes, tympanic membrane. 
The central pillar around which cochlear duct turns is called— 
spiral lamina/modiolus*/spiral valve/columella auris. 
Miosis is the contraction of— 
pupil*/muscle/ erector pilli/intestinal wall. 
Sensory lining of the nasal organ is known as— 
(a) Reissner'ssmembrane, (b) Schneiderian membrane,* 
(c) basilar membrane, (d) plasma membrane. 
Fine blood capillaries seen on reddening of the eyes are spread 
over— 


(a) pupil, (b) corneal sclerotic, 

(с) conjunctiva*, (d) eye-lid lining. 

Discuss of the sensitive segment are not replaced in— 
(a) rods, (b) cones*, 


(c) neither in rods nor in cones. 
Which of the taste papillae do not have taste buds— 
(a) fungiform, (b) foliate, 
(c) filiform*, (d) circumvallate. 
A 3-month old child cries without tears rolling out of the eyes 
Gis ds are absent. 
m cd тзп аге non-functional till then*, 
(c) tears get dried before overflowing, 
(d) very little s is райис 
intraocular pres Е) A 
EM (b) night blindness, 
(c) cataract, (d) styes. - ecc, 
The common eye defect that develops in oid age 1s : 


myopia/ presbyopia*/ astigmatism/ glaucoma. (CPMT-1985) 
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In various parts of the body there are secretory glands which have 
no ducts of their own, they are known as ductless or endocrine 
glands (endon = within; krino = I separate). The secretions of endo- 
crine glands are called hormones. Hormones are chemical products 
which pass directly into blood vessels. Blood transports and distri- 
butes hormones throughout the body, but in most cases each hormone 
affects only one or a few target organs or metabolic processes. 
Hormones are produced in extremely small quantities, but their 
action is very rapid, after action the hormones are soon destroyed 
in the body. Endocrine glands, though situated far apart, yet are 
linked together functionally by the nervous and circulatory systems, 
hence collectively they may be spoken of as an endocrine system 
or a system of ‘chemical coordination’, 

Hormonal and nervous communication—The nervous system and 
the endocrine system both are basically concerned with the communi- 
cation of messeges. Both systems are alerted by a stimulus and 
produce a response. The ‘effectors’ of the nervous system are the 
target organs’ of the endocrine system. However, there are some 
simple differences between the two : 

(1) Messege of the endocrine system is conveyed in the form 
of chemical substances through the blood system. In the nervous 
system the messege is in the form of an electrical discharge called 
action potential transmitted along a nerve fibre. 

(2) Nervous communication is much more faster than the hor- 
monal communication. 

(3) Since hormones are put into the blood stream, there is nothing 
to stop a hormone being carried to all parts of the body. Nervous 
impulses are well-directed and reach specific destinations. 

(4) Because of (3), hormonal responses are widespread, some-time in- 
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volving the participation of a number of target organs farremoved from 
one another. In contrast, nervous responses are very much localized. 

(5) Hormonal Tesponses sometimes continue for long periods, 
e.g. those concerned with growth and metabolism. Nervous res- 
ponses may be as short as a few seconds. 

In one important respect nervous and endocrine systems are 
similar; both involve chemical transmission. Probably all neurons and 
nerves produce their effects by secreting chemical substances, called 


BRAIN 


PITUITARY GLAND 


THYROID 


GLAND 


POSITION OF 


PANCREAS 


Fig. 518 Endocrine glands of man. eae 
A.B.—47 
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neurosecretions e.g., acetylcholine produced by neurons causes volun- 
tary muscles to contract, sympathin (norad;enaline) produced by 
neurons increases the rate of heart beat. As will be seen later on that 
some of these substances are produced in the endocrine glands also. 
Hence the physiological effects of both the nervous and endocrine 
systems are due to the secretion of chemical substances. Hormones 
belong to many different classes of substances. Some are proteins, 
others steroids or smaller molecules. 

Hormones control growth, both initiating and stopping it; corre- 
late metabolic activities; co-ordinate activities of various parts of the 
body; some also control the actions of other hormones. Vertebrates 
have following endocrine glands—pituitary and pineal glands asso- 
ciated with the brain; thyroid, thymus and parathyroids in connection 
with the pharynx and branchial pouches; pancreas, adrenals and 
gonads lying in the coelom. Some glands are composite and have 
a double role, one part secreting substances which are left by ducts 
and the other secreting hormones which pass in blood vessels. Such 
composite glands are pancreas, intestine and gonads. 

Pancreas—The pancreas has two different kinds of tissues, one 
of them produces pancreatic juice which is digestive, but inside the 
pancreas is an endocrine tissue having clusters of prism-shaped cells 
forming islets of Langerhans which constitute the endocrine part of the 
pancreas (Fig. 91). Beta cells of the islets of Langerhans produce a 
hormone known as insulin which was first discovered by Banting and 
Best of Canada in 1921. Its presence in adequate amount is necessary 
for the conversion of excess sugars into glycogen (glycogenesis) in the 
liver and muscles, and also for the conversion of glycogen back into 
monosaccharide sugars, such as glucose, (glycogenolysis) when the 
sugar content of the blood falls below the normal level of requirement. 
This second act of insulin is now believed to be of another pancreatic 
hormone called glucagon secreted by the alpha cells of the islets of 
Langerhans. It serves as an antagonist to insulin. It activates liver 
glycogenolysis, so tends to increase blood glucose. If insulin is not 
produced in sufficient quantity, then sugar level in blood increases 
above normal and may pass through the kidneys and is eliminated 
with urine. This condition is recognized as a disease called diabetes 
mellitus. In acute cases diabetes is fatal. In normal condition sugars 
burn in oxygen in the presence of insulin to produce energy, but i 
insulin is lacking, the sugar cannot burn and no energy is produced, 
there is muscular weakness and the body is tired. [Also see Page 593) 
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Alimentary сапа1— һе mucous membrane of the alimentary canal 
| has digestive glands which produce digestive juices, but the endocrine 
part of the alimentary canal produces hormones. Gastrin produced 
| in the mucous membrane of the stomach activates the gastric glands 
to secrete gastric juice. Secretin produced in the mucous membrane 
| of the duodenum travels by way of intestinal blood capillaries into the 
| general circulation and activates the pancreas to secrete pancreatic 
| juice. The mucous membrane of the duodenum also produces 
| cholecystokinin which makes the gall bladder release its bile. 
Thyroid—Thyroid is a two-lobed gland located just below 
the larynx. This gland, like many other endocrine organs, is an 
organ where certain metabolic processes that go on throughout 
the body, take place with particular intensity. One such process 
is the uptake of iodine by its cells from blood and its combination 
to make substances that stimulate respiration. The cells of thyroid 
are arranged in vesicles appearing like secretory alveoli, but are 
pactually closed sacs lined with cuboidal epithelium. These cells 
secrete a fluid called colloid which collects inside the vesicle and con- 
tains a hormone called thyroxine (T,) which is an amino-acid and con- 
tains 65 per cent iodine. Actually, thyroxine is the name of the main 
hormone; another part of the thyroid secretion is triiodothyronine 
(Тз) present in lesser quantity. Iodine is obtained from the food. The 
follicles of thyroid gland produce an inactive precursor of the hor- 
mone known as thyroglobulin which is thyroxine conjugated with a 
protein tyrosine. The hormone thyroxine is set free by an enzyme 
secreted by the thyroid follicles. Thyroxine regulates metabolism and 
the basal metabolic rate (BMR) in an animal, i.e., heat production 
and energy liberation in all the organ-systems. Injected into the body, 
thyroxine causes a marked rise in the BMR due to increased res- 
piratory activity throughout the body. In young animals it regulates 
growth and tissue differentiation and in lower vertebrates the hormone 


helps in moulting and metamorphosis. 


I I 

= H,.CH(NH;).COOH 
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-secretion of thyroxine (hypothyroidism) lowers the rate o 
веса causes the individual to become fat, sluggish, even 
feeble-minded, and growth is retarded. Serious reduction in thyroid 
i activity leads to a condition called cretinism. Heart rate is low and sex 
| drive decreased. A cretin of 14 or 15 years of age is short and potbel- 
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lied and mentally retard- 
ed. In adults hypothy- 
roidism leads to myxo- 
edema in which basal 
metabolic rate is low, 
fats increase under the 
skin which becomes 
coarse and the individual 
is sluggish. Deficiency 
of iodine in diet or in 
thyroid cells not accept- 
ing iodine from blood 
may stimulate the forma- 
tion of new gland tissue 
resulting in an enlarge- 
ment of thyroid called 
simple goitre. (Latin: 
guttur —throat) The effect 
of partial removal or 
underactivity of the Fig. 519 Endocrine centres of frog. 


gland may be to stimulate growth and activity of the remaining 
thyroid tissue. It is, therefore, difficult to say whether an enlarged 
condition of the gland (goitre) is an index of reduced, or excessive 
activity. Complete removal of thyroid is not fatal. No doubt, iodine 
has to be an essential part of diet to feed thyroid cells with iodine, 
but dietary factor is not alone responsible for underactivity of thyroid 
gland. Hereditary forms of hypothyroidism are well known. The 
two factors may go together, i.e. a low level of inherited activity, 
and low iodine intake. Addition of iodine to drinking water, of 
provision of iodized chocolate or salt, can reduce endemic cretinism 
and goitre. 

Over-secretion (hyperthyroidism) produces reverse effects, it produces 
exophthelmic goitre in which thyroid is enlarged, eyes protrude out 
due to accumulation of fats behind them, and the metabolic rate 18 
increased, which calls for more and more food; it also makes the 
individual highly nervous and irritable, and it causes irregular heart 
action, fast pulse and nervousness. Such symptomsmay appear either: 
because of hereditary enlargement of the gland or from the develop- 
ment of a tumour of its cells (thyroid adenoma). ‘These conditions 
of hyperthyroidism are not easy to distinguish from their opposite 
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For instance, deficiency of iodine may cause enlargement of thyroid, 
but a goitre may be a sign either of excessive or of reduced ‘here- 
ditary activity’. A new thyroid hormone called calcitonin has been 
identified. It controls the balance of calcium in the body. Its 
deficiency causes weakness of the bones and teeth. Enlarged thyroid 
is treated by injecting controlled doses of radioactive iodine into the 
blood. It kills the over-secreting cells. 

Galen, a greek physician of 2nd century, believed that thyroid 
secretion contained a lubricating fluid which helped speech. About 
400 years ago, Vesalius, an Italian anatomist, showed that thyroid 
was a ductless gland, it was named in 1656 by Thomas Wharton. 
Others who contributed to the knowledge of thyroid gland and the 
role of its secretions were Kocher (1833) Murray (1891), Baumann 
(1896), David Marine (1900) for the role of iodine, and, Kendall Е.С. 
and С. R. Harrington (1920's) who isolated thyroxine. 

CONTROL OF THYROXINE PRODUCTION, AN EXAMPLE 
OF NEGATIVE FEEDBACK MECHANISM 

Proper thyroid secretion is essential for metabolism. How is 
the secretion of thyroxine kept to the requirements of the body ? 
This is achieved by a negative feedback mechanism discussed earlier | 
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Principle of endocrine action illustrated by thyroid activity. 
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in connection with the metabolism of blood. sugar in Chapter 32. 
A hormone of the anterior pituitary known “as thyroid-stimulating 
hormone (TSH) or thyrotrophic hormone directly influences the pro- 
duction of thyroxine in the thyroid gland. Thyroxine, in turn, also 
affects the production of TSH in the pituitary. Thus, when TSH is 
released in large quantity, the thyroid gland is stimulated to speed up 
the production of its hormone thyroxine. High level of thyroxine 
increases the basal metabolic rate, at the same time triggers a negative 
feedback process. High level of thyroxine reaching the pituitary 
through the blood stream puts brakes on the secretion TSH and 
inhibits its further production. Naturally, in the presence of low con- 
centration of TSH circulating through the thyroid thereafter reduces 
the activity of the thyroid gland and less thyroxine is produced. This, 
in turn, lowers the increased BMR. Both the corrective measures, i.e. 
increased production of thyroxine on demand, and low production 
to bring BMR to a normal are negative feedback processes. 

Parathyroids—These are two pairs of small (0'1 to 0:2 gm) pea- 
shaped endodermal glands lying either embedded in the thyroid glands 
or located close to them. Parathyroids consist of closely packed cells, 
usually not arranged into vesicles, but having numerous vascular 
sinusoids lying between cells. After the removal of parathyroids, man 
or animal within a few hours develops abnormal muscular contractions 
and convulsions, leading to death by spasm of laryngeal and respira- 
tory muscles. This tetanus or tetany results in an abnormal excitement 
. of muscles and nerve centres. Normally, in man there is 10-12 mg 
of Ca and 4-5 mg of phosphorus per 100 ml blood. After cutting 
off parathyroids, calcium may fall to 6 mg or lower and inorganic 
phosphorus rise to 9 mg. Normalcy can be obtained by injection of 
calcium salts or the extract of the gland called parathormone, also 
called Collip’s hormone. 

Parathyroids produce parathormone which acts on intestine, bones 
and kidney tubules to accelerate calcium absorption from them into 
blood. Hence, parathormone tends to increase the blood concentra- 
tion of calcium. Its primary action on bone is to stimulate bone 
break down or resorption. This releases calcium and phosphate 
which passes on into the blood. Calcium may rise as much as 
20 12 //100 ml. This may be followed by calcification of soft parts 
such as the walls of arteries. Parathormone has opposite effects оп 
kidney's handling of calcium and phosphate, The kidney tubules 
accelerate their excretion of phosphate from blood into urine. 
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Calcitonin hormone} described earlier, quickly decreases the blood 
calcium when it rises to about 20% above the normal level of 5 mEq. 
per litre and puts the excess calcium into the bones. 

The maintenance of calcium homeostasis is very important. 
Normal neuromuscular irritability, blood clotting, cell membrane 
permeability and also normal functioning of certain enzymes, all 
depend upon the blood concentration of calcium being maintained ata 
normal level. Neuromuscular irritability is inversely related to blood 
calcium concentration. It increases when blood calcium decreases. This 
is basic to tentany. In performing calcium balance, parathyroids 
cooperate with vitamin D coming with the food or synthesized in 
the skin with sunlight. If the diet has a short supply of calcium, para- 
thyroids get enlarged. They also increase during lactation, when 
much calcium is being mobilized for transfer to the milk. Oversecre- 
tion of parathormone causes hypercalcemia. As a result, bones develop 
a fibrous tissue in them in place of calcareous matter. The bones 
become weak and decalcified, leading to a condition known as osteitis 
fibrosus generalistata. (increase / decrease of K is hyper / hypokalemia). 

Pineal body—It is located on the roof of the brain and is a confirmed 
endocrine gland. A hormone called melatonin has been recently 
reported. Melatonin controls the skin colouration and affects the repro- 
ductive processes, specially in birds. It also inhibits gonad function. 

Thymus—It is a large bilobed gland with much lymphoid tissue 
located in the mediastinal position of the thoracic cavity and extends 
up to the lower edge of the thyroid gland in the. neck. Its size is 
Jargest, relative to the rest of the body, when the child is about 2 years 
old. Its absolute size is largest e ker pae Rie 

rad atrophies until in great old age 1 шау be bare = 
de Д is ааз that the thymus accelerates metabolism and Ec 
up growth, it acts upon the lymphatic system and also Pape sexua 
maturity; its removal from the young delays development о шшс 
ductive organs. In the early 1960s Jacques F.A.P. eai UE 
the thymus gland from the newborn mice to study the role 2 m ; 
His findings and later on the findings of others ee He i уок : 
doubt that thymus has two important roles to play ae pe s 
Original source of lymphocytes before pr 7 d lor into 
starts secreting a hormone that enables Drm > y e ee 

lasma cells, These cells synthesize antibodies against DIRE 
I thymus functions to make possible immunity x ш En 
nisms and other kinds of foreign proteins. The foundations o 
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nity are thus laid in the early childhood anc last for many years, 
(See Immume response, chap. 11) 

The central part of thymus contains the characteristic corpuscles 
of Hassall, concentric arrangement of cells of ectodermal origin, those 
at the centre showing signs of degeneration and perhaps undergoing a 
process similar to keratinization. 

Thymus shrinks after death, probablly due to stress in diseases, 
A peculiar relation between the corpuscles of Hassall and muscular 
contraction exists. In the disease known as myasthenia gravis, there 
is weak contraction of striped muscles. This condition is often 
associated with the enlargement of thymus; removal of all or part of 
thymus often cures the disease. This is explained by the fact that 

thymus activates cholinesterase enzyme that quickly destroys neuro- 
transmitter acetylcholine, synapse is blocked and nerve impulses are 
not able to reach the muscle and produce muscle contraction. 

Adrenal glands—In mammals, adrenal glands or suprarenals are 
derived from two Sources, the outer adrenal cortex is mesodermal 
and the inner adrenal medulla is formed by ectoderm of neural crest. 
These orange-yellow coloured glands are situated close to the kidneys. 
Cortical and medullary tissues both put out hormones that act as 
signals working in various parts of the body in response to stresses. 
For instance, adrenalin secreted by the adrenal medulla produces 
immediate Preparations for attack or defence, by changes in the dis- 
tribution of blood, in the level of blood sugar and in some other ways. 
In contrast to adrenal medulla, the adrenal cortex puts out hormones 
that are concerned With long-term Preparations to fight adverse condi- 
tions and infections, making it possible for the various organs to 
undertake slower regulatory adjustments by which they help in main- 
taining homeostasis or balance, An animal without adrenal cortex 
15, therefore, likely to fail when any of its tissues are called upon to 
adapt themselves to changed conditions. 

Removal of both adrenal glands causes i isease called | 
Addison’s disease. This is characterized Уогк of spretis vomit- 
ing, muscular weakness, lowering of blood pressure and of tempera- 
ture, formation of lesions in the lining of the gut and darkening of the 
skin and taking a bronze colour, finally leading to death. Injections of 
cortical secretions and diet rich in sodium slowly improves the condition.. 


Cortex secretes a group of steroid hormones collectively known 25 
cortin, and the medulla secretes hormones called adrenalin or epinephrin 
and nor-adrenalin (nor-epinep i 


hrin) both playing similar roles. Corti 
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maintains a balance belween salts in the blood and those іп the bones. 
Secretions of cortex are concerned with the metabolism of carbohy- 
drates and proteins, and some control of excretion of sodium and 
potassium. On removal of adrenal cortex water and sodium chloride 
are lost from the blood and tissues, the metabolic rate falls below 
normal, there is an increase in blood potassium and urea, and mus- 
cular weakness sets in ending in death. Tumours in the cortex have 
resulted in abnormal and premature sexual maturity; in women over- 
activity of the cortex may lead to a change of sex. 

Cortin group of hormones are distinguished as glucocorticoids and 
mineralocorticoids. The chief glucocorticoids are cortisol (also called 
hydrocortisone and compound F), and corticosterone (compound B). 
Glucocorticoids affect almost every cell of the body. They promote 
normal metabolism enabling the body to resist stress. In sufficient 
amount the glucocorticoids promote normal protein metabolism: 
High blood concentration of glucocorticoids accelerates the break- 
down of tissue proteins to amino acids. In other words, amino acids 
are mobilized. Undersecretion slows tissue protein mobilization. 

Increased glucocorticoids protomote liver glyconeogenesis and 
gluconeogenesis from the amino acids released from tissue-protein 
breakdown. Sugars thus synthesized move out of liver and tend to 
produce hyperglycemia, a diabetogenic effect or anti-insulin effect. 
Undersecretion obviously produces hypoglycemia (low blood sugar). 
Glucocorticoids influence fat metabolism also. Hypersecretion causes 
speedier mobilization of fat from adipose tissue. In other words, 
there is a shift from carbohydrate catabolism to fat catabolism, mobi- 
lized fats may change into sugars (gluconeogenesis). Chronic excess 
of glucocorticoids, as in Cushing’s syndrome, results in redistribution 
of body fats—from extremities to the face (moon-face), or shoulders 
(buffalo hump), or to the trunk and abdomen. Hypersecretion ue 
causes lymphocytopenia and eosinopenia (increase in lymphocytes an 

: : i ize of lymphatic tissues and decrease 
eosinophils), decrease in the size of !ушр1 ен 
in antibody-formation. Adrenal em uv by the adreno- 
EC сс (ACTED chat for the maintenance of bome- . 

inera 1 ; indirectly ‘control 
ostasis of blood concentration of sodium and indire к = 
potassium concentration. Two forms of жыйа с. puer 
aldosterone and делу кон nen Na+ resorption in 
О an the latter. : : 
5 т EEN of renal tubule cells from the urine back into the | 
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blood. Each Na+ is exchanged with a К+ or 1+ which pass out of 
blood into the urine. High contentration of Na* tends to produce 
an osmotic gradient favouring water absorption from the renal fluid 
back into the blood. 

Secretion of the medullary part of adrenals is called adrenalin or 
epinephrin. Unlike most endocrine glands, the medulla is under 
nervous control It regulates blood pressure and the tone of involun- 
tary muscles, it controls the conversion of glycogen into blood sugar. 
There is constriction of the arterioles of the skin and of most of the 
visceral organs, but dilatation of those of the muscles, and specially 
of the heart, producing a diversion of blood into these organs. Its 
injection increases heart beat, dilates pupils, enhances blood pres- 
sure and dilates the air passages to the lungs. Adrenalin also causes 
contraction of spleen so that more RBC are put into blood circu- 
lation. Acting upon liver, adrenalin causes mobilization of sugar 
producing hyperglycemia and even glucosuria. The clotting time of 
the blood is decreased. Adrenalin produces the same physiological 
effects as the stimulation of the sympathetic nervous system, and 
sympathin produced by sympathetic nerve fibres is similar to epine- 
phrin. Adrenalin has a great value in the therapy of asthma and hay 
fever, since it causes dilatation of bronchioles of the lungs. Adrenalin 
is also used to restore heart beat. Adrenaline is used as a very power- 
ful drug. Related drugs as ephedrine, tyramine and benzedrine are 
less powerful but are used for the relief of asthma, to constrict inflamed 

' vascular membranes in the nose or for their general ‘tonic’ effects. 

Adrenal cortex in both sexes puts out small amounts of male 
hormone (androgens) and female hormones (estrogens and proges- 
terone). In female these hormones control sexual differentiation and 
the maintenance of menstrual cycles. Normal secretion is insigni- 
ficant but has adverse effects when oversecreted. The oversecretion 


of androgens in female, may be becau f roduces 
masculinity, like beard. Аз е DEB 
Adernal gland produces anoth, 


: Ба er steroid hormone in fairly large: 
quantity; this is dehydrepiandrosterone sulphate (DHEAS). The role 
of this hormone, however, 


was not studied t 4 nt study 
hasireycaled that old men who have high EE much 
less likely to die of heart disease, and in general seem to live longer 
than others of the same age with lower levels of DHEAS. Levels 
of DHEAS continually fall in all people as they advance in age- 
seems, therefore, that DHEAS has anti-ageing effect. . 
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Another survey hag shown that vegetarians suffer from cardio- 
vascular diseases much less than the non-vegetarians and alcoholics. . 


Gonads—The gonads produce sex cells, but their endocrine parts 
produce hormones. 


Testis—Hormone of the testis is known as testosterone or male 
hormone which is now produced synthetically. There are small 
clusters of cells called interstitial cells or cells of Leydig in the spaces 
between the seminiferous tubules which are endocrine in function, they 
secrete testosterone. It is responsible for normal development and 
functioning of accessory sex organs, it is also responsible for develop- 
ment of secondary sexual characters, such as deep voice and growth 
of hair on the body, particularly on the face in man. Castrated bulls 
(steers) and castrated horses (geldings) are used for agricultural pur- 
poses or for conveyance, because removal of testes prevents develop- 
ment of masculine characters and it makes them docile and obedient. 

Ovary—In mammals ova are produced by Graafian follicles of 
ovaries, and the follicle cells also produce a group of hormones collec- 
tively known as estrogens (also see Chapter 40). Estrogens are partly 
responsible for development of female accessory sex organs, such 
as the growth of the uterus and development of mammary glands. 
Estrogens also cause development of secondary sexual characters in 
females which include the development of breast and the onset of 
menstrual cycles (details in Chapter 40) at the beginning of puberty, 
say at 13-15 years of age in humans. After ovulation, the empty 
Graafian follicles become filled with cells which form corpus luteum 
which has an endocrine function of secreting a hormone progestin or 
progesterone. If fertilization takes place, progestin further stimulates 
the development of mammary glands and glands in the wall of the 

Some Secondary Sexual Characteristics of Humans 
MALE FEMALE 


1. The pelvis of man is propor- 1. The pelvis of a woman 3 pe 
tional to his shoulders, not| portional to her shoulders, 


i that of a man to 
Ң woman. wider than { 
wider than that of a accommodate the gestating 


uterus. 
tends to | 2. The subcutaneous fat tends to 
accumulate behind the breasts, 
in the lower part ofthe abdo- 
men, around the hips and 
over the thighs. 


2. The subcutaneous fat 
accumulate in the upper part 
of the abdomen, face. and 

` arms. 
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MALE | REMALE 
3. Hair is thick and short. 3. She has finer and longer hair. 
4. Growth of hair on the face, | 4. Hair on the face very scanty 
which, besides moustache and except eyebrows. 


beard, includes hair on eye- 
brows, within ears and nose. 


| 

5. Body hair more developed. | 5. Body hair much less. Pubic hair 
Pubic hair distribution chan- | forms a horizontal line above 
ges : in young it terminates and does not change in post- 
above in a horizontal line, | — puberal years. 
later it expands upwards to- | 
wards navel and downwards 
to the perineum. 


6. The larynx after puberty | 6. Larynx remains in the hypo- 


attains complete development evolutionary condition, it is 
with the deepening of voice. never fully developed. Voice 
is not deepened. 
7. Aggressive attitude. 7. Maternal attitude. 
8. There is a tendency to get | 8. With the passing years a 
bald with the passing years. woman rarely becomes bald. 
a A ae cee tr PAR 


uterus, it also stops further ovulation during pregnancy and brings 
about the implantation of the embryo in the uterus. Progesterone 
is also present in the placenta. Placenta also secretes a variety of 
hormones, the placental hormones, called chorionic gonadotropins 
(like pituitary hormones), are secreted in large quantities during 
pregnancy and the same are excreted with urine. The presence of 
chorionic gonadotropins in the urine of pregnant women is the basis of 
pregnancy tests. Because of placental hormones, the role of ovaries 
during pregnancy becomes insignificant. Ovaries during pregnancy 
can be removed, without affecting the embryo’s development. 

. Pituitary, the Master gland—It is a compound gland present on 
the ventral side of the diencephalon and weighs about 0:5 gm in man. 
It develops from two sources, each part secretes different hormones. 
The anterior lobe or adenohypophysis develops as an upgrowth from 
the embryo's buccal ectoderm, while the posterior lobe called neuro- 
hypophysis develops as a downward projection from the infundi- 
bulum of brain. This gland exerts so much control over the various 
body functions that it has been named the ‘master gland’. The effects 
of pituitary hormones influence the Processes of synthesis of pro- 


ССО. Vasishtha Tripathi Collection. Digitized by eGangotri 


ENDOCRINE SYSTEM s 733 


toplasm in the cells, including the metabolism of proteins, carbo- 
hydrates and fats. The secretions of pituitary are themselves proteins 
and some of them act upon the enzyme systems of cells throughout 
the body that affect synthesis and growth. Pituitary is the central 
computer of chemical co-ordinating system acting upon other endo- 
crines and in turn acted upon by them. 

The adult pituitary consists of four parts of different embryological 
origin. The pars anterior and pars intermedia developed from the front 
and hinder faces of the hypophysis (Rathke's pouch of the embryo); 
pars tuberalis from the upper part of hypophysis, while the infundi- 
bulum forms pars nervosa. These four parts can be recognized in 
nearly all vertebrates, but their relative positions may vary, for instance, 
in the cartilaginous fishes, the pars anterior is behind the others and 
in the frogs pars tuberalis forms a separate region. Four parts of 
pituitary are not developed to the same extent in all the vertebrates, 
for example, there is no pars intermedia in birds, whales, sea-cows 
and armadillos. Pars nervosa is quite small and thin in the Jampreys 
but relatively a massive solid organ in man. Functionally, four parts 
of the pituitary are condensed to two lobes : anterior lobe (pars 
anterior —distalis), and the posterior lobe made up of partes (plural of 
pars) nervosa, intermedia and tuberalis. ; 

The blood supply of the pituitary comes partly from hypophysial 
arteries but also from a portal system of vessels running along the 
infundibular stalk. Capillaries within the neural tissue of the hypo- 


thalamus unite to form these portal vessels, which open into sinusoids - 


of the pars anterior and thus constitute a second capillary bed. From 


the sinusoids, collecting veins lead to the venous sinuses around the 


ituitary body. a 
j A E lobe—The anterior lobe of pituitary жок к) 
through a special control mechanism that works through t еу: 
thalamus. Neurons in certain parts of the hypothalamus en esize 
chemicals called neurosecretions. They are released pue e ae 
of these neurons into the blood in a complex of small veins ча 
as hypophyseal or pituitary portal system. Via this poral eie 
neurosecretions travel a short distance from the hypothalaur 


. H t 
to the anterior lobe of pituitary. A а ае pis 
secrete various hormones. For ins E in the hypothalamus and 


cotrophin-releasing factor synthesiz a 
scared into the pituitary portal system causes the release of a ! 


corticotrophin hormone 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


734 ANIMAL BIOLOGY 


Anterior lobe of pituitary produces six hormones with" eleven 
functions. One of these is the growth hormone (STH) or somatotrophic 
hormone, a protein of 46,800 molecular weight, which causes normal 


CEREBRAL 
HEMISPHERE 


VEINS 


OPTIC LOBE 


PARS MEDIAN 
INTERMEDIA > EMINENCE 
2 
PA 5 - ә, 
RS ‘DISTALIS 2 SACCUS 


Fig. 520 Ventral view of frog's brain and the pituitary. 

growth of the body and bones by actively transporting amino.acids into 
all the body cells for protein-systhesis. Over-secretion of the growth 
hormone produces ‘giants’. Sometimes the gland does not begin over- 
secretion till maturity, then instead of giants, gorilla-like men with 
huge heads, hands, feet, protruding jaws and tongues are the result, 
this condition is called acromegaly. After epiphyseal caps have closed 
on the extremities of long bones, the bones do not grow in length. 
Limb bones, and other bones, too, then grow in thickness, resulting 
їп heavy jaws and eyebrows, Protruding forehead and very broad 
shoulders, all leading to acromegaly. Deficiency of (STH) produces 
dwarfs (nanism) when it occurs during the years of skeletal growth 
and pituitary cachexia (Simmond’s disease), a much rarer condition. 
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By some hormones anterior lobe affects the functioning of the 
gonads. If this lobe istremoved before maturity, gonads never mature. 
Over-secretion hastens maturity. The anterior lobe secretes a hormone 
called the follicle-stimulating hormone (FSH), which promotes matu- 
ration of sperms in testes, development of Graafian follicles in the 
ovary and also the production of estrogen by the follicle. Another, 
luteinizing hormone (LH) is responsible for ovulation and formation 
of corpus luteum in females, it also stimulates the gonads to produce 
their hormones. In males also anterior pituitary secretes LH, but 
then itis called interstitial cell-stimulating hormone (ICSH), influen- 
cing the interstitial cells of testes. Prolactin (lactogenic hormone) 
hormone stimulates milk secretion by mammary glands, and in con- 
junction with gonads it develops the mammary glands of females. 
In certain seed-eating birds such as pigeons, prolactin promotes 
secretion of milk in the crop glands of both sexes. Thyroid-stimulating 
hormone (TSH) or thyrotrophic hormone controls the development of 
the thyroid gland and stimulates the secretion of the hormones of 
the thyroid gland. Adrenocorticotrophin (ACTH) hormone, a protein 
of 4,600 molecular weight, promotes and maintains normal growth 
and development of the adrenal cortex and stimulates it to secrete 
cortisol and other glucocorticoids. 

(B) Posterior lobe. It may be remembered that this part of the 
pituitary is made up of pars nervosa, pars intermedia and pars 
tuberalis. The pars nervosa, derived from the floor of brain, consists 
of a solid mass of fusiform cells with long branched processes, 'the 
pituicytes. Pars intermedia is a thin band of basophil cells like those of 
the parsanterior, and lying between the pars anterior and pars nervosa. 
Cells making up pars nervosa are similar to those of intermedia. 
Nerves from hypothalamus pass through the infundibular stalk and 
fan out to reach the pituicytes and other parts of the posterior lobe. 

Extract of posterior lobe known as pituitrin contains three hor- 
mones : pitressin, pitocin and intermedin. Pitressin, also called 
Vasopressin, causes constriction of all blood vessels except those of the 
kidneys; the vessels of kidney are consequently then passively dilated 
by the rise in the blood pressure. The effect of pitressin on blood 
Pressure is less specific than that of adrenaline. A hormone called 
antidiuretic hormone (ADH) is either a hormone distinct from pitressin 
Orthe same. However, ADH promotes reabsorption of water from 
the kidney tubules and when this hormone is in short supply, reabsorp- 
tion of water in the kidneys is not effective, considerable quantities 
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of water pass out with the urine, (increased micturition) a conditino 
called diabetes insipidus. The person suffering from it (water-drinker) 
suffers from intense thirst, drinking large quantities of water, and 
urinating simultaneously or soon after. Injections of ADH stop such 
enormous outflow of water. More and more ADH is secreted if 
there has been a loss of water from the body due to sweating; con- 
versely, secretion of ADH is reduced when the blood is diluted, say 
by drinking much water. 

Pitocin, also called oxytocin (oxys=swift, toxos=child-birth), is a 
protein. It stimulates smooth muscles of the uterus in particular, but 
also of other organs such as intestine, urinary bladder, lung alveoli and 
the ducts of mammary glands, however, it does not affect the bronchiole 
of lung. The uterus near the end of gestation period is very sensitives to 
oxytocin, contracting powerfully in such a small dose as 1 in 25 million. 
Oxytocin is used to hasten delivery under special circumstances. 

The intermediate lobe of pituitary secretes intermedin which 
brings about changes in the colour of skin of lower vertebrates, but it 
has no known function in birds and mammals. Removal ofpituitary 
gland affects all endocrine glands, normal growth stops, sperms fail 
to form, secondary sexual characters do not develop, mammary 
glands do not produce milk and the adrenal glands do not function. 

Questions 
Enumerate the endocrine centres in the abdominal cavity of rabbit. 


What important changes do you expect in the physiology of a 
mammal after removing the pancreas ? 


Discuss briefly the effects of thyroid hormones. 


To which hormonal disbalances the following phenomena аге 
concerned ? 


exophthalmic goitre, acromegaly, cretinism, tetany, diabetes 
mellitus, castration and Addison's disease. 


Discuss the secondary sexual characters in man and the role 
certain glands play in their development and maintenance. 


How does pituitary gland supervise other endocrine glands ? Use 
any two glands for illustration. 


Which endocrine glands put out ‘intermedin’ and ‘vasopressin’? 
Mention their roles. i 


What do the following abbreviations stand for :— 
LH, TSH, FSH, ACTH. 


9. Name the hormone or hormones which help control each of 
the following :— 


(a) blood sugar level; (b) blood calcium evel, 


1. 
2. 
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(c) blood sodium level, (d) blood potassium level. 
[Answers : (a) insulin, glucagon, adrenocorticoids; (b) parat 
hormone and calcitonin, (c) and (d) mineralocorticoids]. 


Hormones that cause the development of Secondary sexual 
characters in human female is— 


progesterone / estrogens* / FSH / LH. 
Which of these hormones terminates bone growth in the girls :— 
progesterone / estrogens* / oxytocin / calcitonin. 
What is detected in the urine of a woman to confirm pregnancy ? 
oxytocin / gonadotropins* / insulin / estrogens. 
Chemical co-ordination is maintained by— 
(a) enzymes, (b) hormones*, (c) vitamins, (d) antibodies. 
"Water-drinkers' is the name given to persons who have— 
(a) undersecretion of ADH*, (b) oversecretion of ADH, 
(c) absence of ADH. 
After fertilization, the corpus luteum ina woman stays for about— 
(a) 28 days, (b) 280 days*, (c) 21 days. 
Pigeon’s milk is produced in the— 
(a) mammary glands, (b) crop glands*, 
(c) salivary glands, (d) gastric glands. 
When the thyroid secretion is too much, the gland itself gets 
enlarged, conversely, if the secretion is.too little, the gland gets 
enlarged*/ reduced. зде 
ыш апа acromegaly are due to : deed " m 
idi opituitarism, erthyroidism erpitui- 
rene dup a (СРМТ:1985) 
When amount of ADH increases in blood, micturition : 
decreases* / increases / remains unaffected / none of these. 
(CPMT-1986) 
Secretion of which one is under nervous control : ин 
ior pituitary* ior pitui ineal / adrenal cortex. 
posterior pituitary* / anterior pituitary / р / а 
Parathormone in the blood causes : Scent EE NS eas 
hypocalcemia / hypokalemia / hyper VICPMT- 1988) 
Pituitary gland is under the control of : pineal gland / hypoth- 


alamus* / adrenal / thyroid. (PMT-1990) 

Term ‘hormone’ was coined by : С. W. Harris / W. M. Baylis* / 

A. U. Schally / E. Н. Sterling. (PMT-1990) 
(In fact Baylis and Sterling (1902) both) 

Receptors of protein hormones a located g : ae 
cell surface* / in the cytoplasm / in the nucleus / on the endo- 

plasmic areal (PMT-1990) 

A.B.—48 
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CHAPTER 3 © 


UROGENITAL SYSTEM 


The organs of excretion are two dark red kidneys situated on the 
dorsal wall of the peritoneal cavity outside the coelom. Each kidney 
is bean-shaped, its outer side is convex, the inner concave side bears 
a notch, the hilus, from where the ureter runs back. The right kidney 
is placed more anterior than the left kidney. The ureters have muscular 
lining and show continual rhythmic peristaltic contractions by which 
urine is passed on into the bladder, the terminal portion acting as a 


URETER 


RENAL CAPSULE 


Fig. 521 Sagittal section of kidney of a mammal. 


sphincter to prevent 
a backflow. Embry- 
ologically, ureters of 
mammals have no 
counterpart in 4 
frog. 

Kidne y—the 
kidney of rabbit or 
of man has a smooth 
surface, it has а 
thin outer capsule 
of connective tissue; 
below which is a 
cortex and inside 
is a medulla. The 
medulla is made 
of conical lobes 
called pyrami 9 the 


"cortex extends in- 


wards between ш 
pyramids as ren 
columns of Bertin 
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The pyramids (12 or more in Man) project into channels known as 
calyces, the calyces (@alyx—singular) are joined to the pelvis or renal 
sinus of the ureter. The substance of the kidney consists of a mass 
of uriniferous tubules or nephrons. At one end the tubules are invagi- 
nated to form a cup-shaped Bowman's capsule in which lies a mass 
of blood capillaries called glomerulus. The capsule and the glomerulus 
are together known as a Malpighian corpuscle. The inner or visceral 
wall of the Bowman's capsule is not a layer of simple epithelial 
cells. Its cells are highly branched and known as podocytes , the 
branchings are known as major and minor processes , depending 
whether they are the first set of branches taking off from the cell, 
or taking off from the major processes. Glomerulus is formed of 
looped blood capillaries derived from the renal artery which enters the 
Bowman’s capsule as an afferent arteriole and leaves the capsule as 
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Fig. 252 Mammalian uriniferous tubule. 
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an efferent arteriole. Efferent arteriole distributes blood to the 
remaining part of the tubule from where bleod is returned to a 
renal vein. Thus in mammals the blood supply to both glomerulus 
and tubule is entirely arterial, unlike the frog in which the blood comes 
from arterioles and from branches of renal portal vein (Fig. 149). Rich 
supply of blood to the kidney tubules is the essence of kidney as 
a blood purifyer. It is estimated that the total length of blood 
vessels in the kidneys of a man is about 160 kilometres. A network 
of capillaries paralleling the loop of Henle is known as vasa recta. 

The uriniferous tubule behind the Malpighian corpuscle is known 
as the secretory tubule and is divisible into three regions:— 

(a) Proximal convoluted tubule, (b) loop of Henle, (c) distal 
convoluted tubule. 

Proximal convoluted tubule starts from the Bowman’s capsule 
and, after making a few coils in the cortex, it proceeds towards the 
inner or medullary part of the kidney. In the medulla the tubule 
narrows to form a narrow U-shaped loop of Henle which proceeds 
towards the centre of the kidney and then back again to the cortex, 
haying thus a descending and an ascending limb. The ascending limb 
joins a distal convoluted tubule which then joins a collecting tubule or 

` duct. The cortex contains mostly Malpighian corpuscles and convol- 


= URINIFEROUS TUBULE 


RENAL ARTERY 
Fig. 523 L.S.of kidney (diagrammatic) 
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uted portions of tubules, while the medulla consists of loops of Henle 
and collecting ducts. 


PHYSIOLOGY OF RENAL EXCRETION 


The nitrogenous end-product of metabolism in mammals is chiefly 
urea synthesised from the break-down of amino-acids. 

Biochemistry of renal excretion—Kidneys are the main excretory 
organs. They not only put out excretory wastes but also keep the 
composition of blood well balanced. Maintaining the composition of 
blood is called homeostasis; it is as important а vital activity as © 
nutrition, respiration or growth. It has been correctly said by one 
Physiologist that “the composition of blood is determined not by what 
gets in the mouth but what the kidneys keep”. 

Metabolic activities are taking place all the time in the living cells 
of the body. Some of the metabolic processes yield useful substances 
(anabolism), others result in the break-down products (katabolism) 
such as water, CO, and nitrogenous products. 


Water and CO, are easily removed from the body, as the super- 
fluous water is eliminated with the digestive wastes, urine and perspi- 
ration (sweat) and with the expired air. CO, too is eliminated with 
the expired air, but nitrogenous products pose a problem. Hence 
they are eliminated in a special way. 

Nitrogenous wastes are produced mainly by the break-down 
of amino-acids, which are deaminated or transaminated. Some 
nitrogenous wastes are obtained from the katabolism of nucleic acids. 
Deamination yields ammonia (NH;) usually at the rate of 0.001— 0.003 
mg. per 100 ml. of blood. Above this level ammonia becomes toxic. 
In rabbit if at any timc the level of ammonia reaches more than 5 mg./ 
100 ml. blood, it becomes fatal. To get rid of such a poisonous 
substance, the body deals with ammonia in two ways: 

(1) Free H*(hydrogen ions) in the blood soon combine with 
NH, to form NH,* ions. Being alkaline NH,* are useful and do 
not allow the blood to become acidic. It may be recalled here that 
blood is very slightly alkaline (pH range 7.35—7.45). Even a slight 
acidity can be fatal. Thus some, though little, amount of-NH, is 
used to keep the homeostasis of blood constant. 

(2) To the remaining bulk of NHs, the liver cells change it into 
less toxic substances such as urea and uric acid. Let us follow the 
details of both the said processes of dealing with NH. 


4 x 
é CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 
n 


742 ANIMAL BIOLOGY 


(A) Nitrogenous wastes and homeostasis of blood: First let us see 
how acidity develops in the blood. Cellular respiration (katabolism 
of glucose) produces CO, in the tissue cells. In a healthy body, about 
200 ml. CO, is produced per minute. Some of this CO, (about 4:3 ml/ 
100 ml blood) gets dissolved in the blood plasma to form bicarbo- 
nates. About 30% of the total yield of CO, combines with the water 
of red blood corpuscles to form carbonic acid (H,O4- CO, — H4CO,). 
Soon H,CO, dissociates to form H+(ions) and HCO,- (H.HCO,= 
H++HCO,~). The released Н+іопѕ are the cause of acidity (acidosis) 
in the red blood cells by linking up with haemoglobin molecules. 
To prevent the blood from turning acidic, some NH, combines with 
H+to form NH,*. Hydrogen ions of haemoglobin are chiefly buffered 
by the Cl- moving into RBC from the blood plasma. 

Whereas in liver cells ammonia is produced as a result of deamination, 
in the tissue cells the ammonia is obtained in two ways (i) mammalian 
blood has glutamic acid (an amino-acid); enzyme glutaminase present 
in the cells of uriniferous tubules breaks down glutamic acid to release 
its NH3; (ii) putrefying bacteria in the colon and ceacum parts of the 
large intestine produce ammonia, which soon passes into the intestinal 
blood capillaries and through general circulation reaches the cells of 
the uriniferous tubules. 


Ammonia obtained from all such sources diffuses out of blood into 


the lumen of the distal convoluted tubule. At the same time sodium . 


ions (Na+) which were filtered out of the glomerular blood into the 
“lumen of the uriniferous tubule, pass through the cells of the tubule 
and reach the peritubular capillaries (capillaries wrapped round the 
convoluted tubule). Simultaneously a counter current flows from the 
blood towards the lumen of the tubule carrying with it H+(and also 
Kt ions) through the cells of the tubule. Here in the lumen of the 
tubule NH, and H+ combine to form NH,* ions. Thus acidity 
of blood is counteracted by NH, in the kidney tubule and homeos- 
tasis is maintained. It must be noted here that in maintaining homeo- 
stasis Na*ions act as middle-men or buffers as they are known in 
biochemistry. It is also to be noted that whereas the flow of NHs 
is by diffusion, the movement of Na+, H+ and K+ ions is by active 
transport mechanism. 
(B) Production of urea : It is built up in the liver cells from NHs: 
In man, excretory urea is roughly 18 to 38 mg./100 ml. blood, when the 
level of urea, under certain conditions, reaches 40 mg./100ml. blood. 
then the condition is termed ‘uraemia’. . 
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The series of reactions resulting in the production of urea are 
included in the ornithine cycle. In the last chapter it was explained 
that deamination of amino-acid produces a keto acid and 2 molecules 
of ammonia. 


H—N—H О о 
| О 2 N "A 
2 сс +0, Oxidized 2 C—C +2 NR, 
yn < -> A N (ammonia) 
сн, н OH снн Se 


2 molecules of alanine 2 molecules of pyruvic acid 


(a keto acid) 
Two molecules of ammonia enter the ornithine cycle in two 
different ways. 


Ast molecule of NH;:—By a series of reactions it leads to the 
production of urea. 

(i) In the liver cell ketoglutaric acid, obtained from the Krebs 
cycle of cellular respiration, reacts with ammonia to form glutamic 


acid. The reaction is aided. by the enzyme glutamic dehydro- 
genase, 


(ii) Enzyme aspartic glutamic transaminase removes the amino 


group of glutamic acid and transfers it to oxaloacetic acid available 
from Krebs cycle; glutamic acid reverts to its original form a-keto- 
glutaric acid. With the amino group, oxaloacetic acid is converted 
Into aspartic acid. 


(iii) In the presence of . enzyme arginino-succinate synthetase, 
Mgttand ATP, aspartic acid c 


ombines with amino-acid citrulline 
of the liver cells to form argininic succinic acid. 
(iv) With the help of another enzyme arginino succinase of liver 
cell argininic succinic acid is broken down to fumarie acid and 
amino-acid arginine. Fumaric acid is diverted into the Krebs cycle. 


(у) Arginine is hydrolysed to urea and ornithine by the enzyme 
arginase. 


П molecule of NH,—In the presence of a liver enzyme carbamy 
phospbate synthetase, this molecule of NH; combines with CO, and 
acetyl glutamate of the liver cell to form carbamyl phosphate. This 
reaction is also aided by Mgtions. 

Lastly, in the presence of an enzyme of the liver cell, ornithine 
carbamyl transferase, and carbamyl phosphate, ornithine (of reaction 
по: у) is converted into citrulline. Thus citrulline is available #24!” 
and again for the reaction No. ( 


* 


* 
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In the whole ornithine cycle 2 molecules of NH3, one molecule of 
CO, and 3 molecules of ATP and a set of enzymes react to produce 
one molecule of urea. 

Urea is then carried into the kidneys through the blood from 
where it is eliminated with the urine. Functions of the kidneys may 
be put under three heads :— 

(1) Filtration, (2) Selective absorption, (3) Secretion. 

(1) Filtration in glomeruli—Most theories of kidney function 
havc been based upon the structure of nephrons (the uriniferous tubu- 
les). This structure has been known since 1842, in 1844, C. Ludwig, a 
German, suggested that the pressure of blood simply “pressed” fluid 
out of the glomeruli into the Bowman's capsule. He assumed that 
the fluid was almost identical in composition with the plasma, the 
only exception being that it did not contain protein. The urine 
found in the bladder, however, was of-a very different composition. 
Ludwig could not account for the difference between the capsule fluid 
and the urine. Experimental techniques developed since 1928 have 
been used to show that Ludwig was partially right. 

The blood entering the glomerulus under high pressure from the 
afferent renal arteriole brings urea, a large quantity of water, glucose, 
various salts and proteins of the plasma. The lining of the Bowman's 
capsule has flat epithelium cells through which blood is filtered into 
the lumen of the tubule. The filtrate contains urea, large quantity 
of water, glucose, light amino- acids, (Na+) and NH; (but not the 
proteins of blood plasma) which together constitute the nephric or - 
glomerular filtrate. Only about 25%, of liquid is diffused and filtered 
in the Bowman’s capsule, the remaining liquid passes into the efferent 
arterioles which leave the glomeruli. At least some structural featu- 
res make renal or Malpighian corpuscles especially effective filtration 
membranes (i) The capillaries of the glomeruli have many more 
pores than other capillaries; (ii) Endothelial cells lining the glomeru- 
lar capillaries are very much flattened and rest over an extremely 
thin basement membrane; (iii) The efferent renal arteriole is smaller 
in diameter than the afferent renal arteriole. This causes higher resis- 
tance to blood flow out of the glomeruli than out of other capillaries, 
and therefore a higher blood pressure in glomeruli than in other 
capillaries. This glomerular hydrostatic pressure averages 70 mm Hg, 
whereas ordinary capillary hydrostatic pressure averages only about 
30 mm.Hg. ud 

Normally, glomerular hydrostatic pressure, blood ‘colloidal os- 
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Fig. 524 Diagram showing the glomerular filtration, tubular reabsorption 
and tubular secretion—the three processes by which the kidneys 

, cxerete urine. In the proximal tubule note the water is reabsor- 

bed from the tubular filtrate into blood by osmosis but sodium 

and glucose are reabsorbed mainly by active transport mecha- 

nism. Also note that water and sodium are also reabsorbed from 


the distal tubule, but potassium and hydrogen ions and ammonia 
are secreted into the tubule from the blood. 
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motic pressure and capsular hydrostatic pressure together determine 
the pressure gradient, commonly known as effective filtration pressure 
(EFP) between glomeruli and capsules. Of these three pressures, 
glomerular hydrostatic pressure (GHP) is the main driving force and 
main determinant of EFP. It tends to move the fluid out of the 
glomeruli. In contrast, the capsular hydrostatic pressure (CHP) 
and the blood colloidal osmotic pressure (BCOP) both exert force 
in opposite directions. Suppose there is a GHP of 70 mm.Hg. and 
that it is opposed by CHP of 20 and BCOP of 30. There would then 
be a net EFP of 20 mm. Hg. (70—30—20). In other words there 
would be a pressure gradient of 20 mm.Hg. causing fluid to filter out 
of the glomeruli into the capsules. While glomerular capillaries have 
pores allowing some of the larger molecules to pass out, yet such 
molecules do not filter out into the capsular space. What then is 
the barrier between glomerular capillaries and the Bowman’s capsule ? 
Surely it is the basement membrane of the capillary that acts as 
barrier allowing only smaller molecules to filter out. 

(2) Selective reabsorption—Studies made in man (chiefly by two 
American scientists, A. N. Richards and J. T. Wearn) have shown 
that the total volume of glomerular filtrate is about 125 ml. per minute. 
This works out to 7,500 ml per hour or 180 litres per day. This amount 
is considerably morc than his total blood volume. Out of this, only 
60 ml. is put out as urine in an hour. Obviously the rest is reabsorbed 
by the kidney tubules. About 99% of the water and glucose from 
glomerular filtrate are reabsorbed by osmosis. With it other useful 
substances, such'as sodium chloride and bicarbonate ions and some 
amino-acids are also absorbed by 'active transport, ie. they are 
taken in against the concentration gradient. The energy for this 
comes from the mitochondria in the cells of the tubule. Active trans- 
port takes place both in the proximal and distal convoluted segments 
of the nephric tubule. The proximal convoluted tubules reabsorb 
these useful substances from the glomerular filtrate. The absorbed 
Products then pass into the body circulation through the efferent 
arterioles. Efferent arterioles finally join the branches of the renal 
vein. Distal convoluted tubules reabsorb some water and chlorides 
from the glomerular filtrate, they also serve to convey urine to the 
Collecting tubules. А 

At опе time the loop of Henle was supposed to Бе а device for 
extracting water from the fluid passing through it. Now, it is fully 
established that the loop serves to concentrate sodium chloride in the 
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Fig. 525 Role of the loop of Henle in the reabsorption of water. Figures 
refer to sodium ion concentration in milliosurole/kg water. 
(osurole= number of solute molecules/litre solvent.) 
medulla part of the kidney through which collecting ducts pass before 
joining the pelvis of the ureter. As the fluid passes down the descen- 
ding limb of the loop of Henle, slowly Na+ pass into it from the 
ascending limb (Fig. 525). Thus, whereas, Nat concentration gradually 
increases down the descending limb, at the same time Na‘! concentration 
decreases correspondingly in the ascending limb of the loop. Na* 
concentration is maximum at the hair-pin like U-bend of the 100P: 
Nat iens pass out of the descending limb, they are matched by Gr 
ions in the medulla of the kidney to maintain electroneutrality- High 
concentratien of NaCl in the medulla causes vigorous osmotic extrac 
tion of water from the collecting ducts of the renal tubules. 12° 
fluid passing out of thé collecting ducts becemes blood-hyperosmot'e 
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urine. The extraction of water first in the proximal tubule and then 
from the collecting ducts is of vital importance. Failing that, com- 
plete dehydration of the body can result in three minutes. Extrac- 
tion of water in the kidney is controlled by the antidiuretic hormone 
of the pituitary. Kidney is thus not only an organ to put out nitro- 
genous and other wastes, it is also osmoregulatory. | 

(3) Secretion—In addition to reabsorption, tubule cells also secrete 
certain substances. Tubular secretion means the movement of sub- 
stances out of the blood into the filtrate in the kidney tubules. Tubular 
reabsorption, you remember, means the movement of substances in 
the opposite direction i.e. out of the tubule filtrate into the blood. 
Whereas NH, is secreted by passive diffusion, K+ and H+ are secretep 
by active transport. Tubule cells can secrete certain drugs such as 
penicillin and para-aminohippuric acid. 

Probably, kidneys produce a hormone (lymphokine), called ery- 
thropoietin, that promotes production of RBC in the bone marrow. 

Summary of renal formation 


Parts of Tubule Function Substances removed 
Glomerulus Filtration Water. All solutes ex- 


cept colloids such as 
blood proteins. 


Proximal tubule Reabsorption by active | Nat and some other 
and loop of | transport. ions, glucose and ami- 
Henle no acids. 
Reabsorption by diffusion; Cl-, HCO,-. 
Obligatory water reab- | Water. 
— | sorption by osmosis 
Distal tubule Reabsorption by active | Na+ and some others. 
and collecting | transport. 
tubules, 
Facultative water ге- | Water. 
absorption by osmosis. 
Reabsorption by diffusion.| NHs. 
Secretion by active | К+, Н+, and some 
transport. drugs. 
Urine—The liquid inside the tubule after the above-mentioned 
Physiological processes is urine; it consists of concentrated urea in 


LI 
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solution with water, and some salts. Urine contains 95% water, 
2% urea, 0:6% chlorides of N and К and somc uric acid. 

Urine passes into the collecting tubules and finally reaches the 
ureters which by continual rhythmic peristaltic movements take the 
urine into the bladder from where it is discharged through the 
urinogenital canal. It was believed that smooth muscles in the bladder 
regulated the passing of urine, but it has been shown recently that 
the passing of urine is controlled by the lumen of the urinogenital 
canal and not by the urinary bladder. 

Reptiles and Birds are truly land vertebrates and their physiology 
is adapted for lives in dry conditions of the earth. They have to 
devise all means to conserve water. They cannot waste their water 
reserves in removing the nitrogenous excretions, hence in them, 
ammonia from amino acids is finally converted into uric acid—a sub- 
stance which is almost insoluble in water and requires very little 
water for its removal. 

Spiders have gone ahead of reptiles and birds, in the sense that 
they put out guanine which is less soluble in water than even uric acid. 
How amino acids are changed into guanine spiders is not known. 

The composition of human urine varies from day to day and 
from person to person. It also depends upon the diet and environ- 
mental conditions. In winters, the output of urine increases because 
the loss of metabolic water by means of sweat glands is reduced consi- 
derably. Kidneys have to speed up filtration of water. Below 15 8 
list of components of ‘average’ human urine :— 


Constituents Amount in gm 
Water 1200.00 
Solids 62.00 
Urea 30.00 
Uric acid 0.80 
Creatinine 1.40 
Indican 0.01 
Oxalic acid 0.02 
Allantoin 0.01 
Amino acid nitrogen 0.20 
Purine bases 0.03 

“Phenols 0.20 
NaCl 12.00 
Sodium 4.00 
Potassium 2.00 
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Calcium 0.20 
Magnesium? 4 0.15 
Total sulphur as S 1.00 
Inorganic sulphates as S 0.80 
Neutral sulphur as S 0.12 
Conjugated sulphates as S 0.08 
Phosphate as P,O, 3.00 
Ammonia 0.70 


Normal urine also contains small amounts of hormones, vitamins, 
proteins, pigments, hippuric acid, volatile fatty acids, fluorides and 
other inorganic ions. The yellow colour of urine is due to a pig- 
ment called urochrome. Increased alkinity often causes precipita- 
tion of phosphates, then the urine becomes cloudy. Part of urea is 
converted into ammonia by the microorganisms: giving an unpleasant 
odour to the urine. 

Other organs of excretion—Besides kidneys there are some other 
organs which are excretory. Carbon dioxide is produced in tissue 
respiration, it is a harmful substance and is eliminated by lungs. 
Large amounts of water enter the body, and the excess is removed 
mainly by the kidneys, but some water is eliminated in the form of 
vapour with the expired air and with sweat. Sweat glands also 
remove some salts. The alimentary canal serves to remove certain 
products which are brought into it, such as bile pigments and bile 
salts produced in theliver. Some heavy phosphates and carbonates of 
the blood are thrown into the lumen of the large intestine for removal, 
they would otherwise block the glomeruli if excreted by kidneys. 


Reproductive system 
Sexes are separate in all mammals, and in a majority of them 


fertilization and entire embryonic development takes place within 
a uterus of the female, consequently males possess an intromittent organ 
or penis for depositing spermatozoa into the female reproductive tract. 

Female reproductive organs—Two ovaries are attached to the 
dorsal wall of the abdominal cavity behind the kidneys. Their 
germinal epithelium produces a succession of eggs. Inside the 
Ovary is fibrous and vascular connective tissue forming the stroma. 
In the stroma are ova in various stages of maturation. Groups of 
germinal epithelial cells grow into the stroma to form follicles. One 
follicular cell enlarges to become an ovum, and a fluid-filled cavity 
arises in the follicle which separates an outer layer of cells called 
Membrana granulosa from a mass of cells around the ovum known 
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as discus proligerus. The cavity of the follicle contains a fluid. 
The follicle cells secrete a striated membrane around the ovum known 
as zona pellucida or corona radiata. The mature follicle is known as a 
Graafian follicle which migrates to the surface of the ovary and bursts 
releasing the ovum. All that is left after the release of the ovum isa 
mass of follicle cells surrounding a blood clot. Gradually these follicle 
cells and the blood clot transform into a yellow coloured corpus luteum, 
an important. hormone-producing gland. Hormones of the corpus 
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Fig. 526 T S. of ovary. 


luteum are responsible for preparatory changes in the uterus for the 
reception and retention of the foetus (the embryo) during gestation 
(embryonic development). Corpus luteum persists and remains active 
throughout the period of embryonic development; if, however, no ferti- 
lization takes place it degenerates leaving a scar called corpus albicans. 
The ovaries are oval bodies showing blister-like Graafian follicles: 
Close to each ovary is a fimbriated funnel leading into an oviduct. 
The fimbriated funnel receives the eggs when shed from the ovary 
into the body cavity. The oviduct behind the funnel is differentiated 
into two parts, the first part is a Fallopian tube of narrow diameter 
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Fig. 527 Female urogenital organs (lateral view). 


whose wall is ciliated, glandular and muscular; the second part is 
the uterus which has a thick muscular, vascular and glandular wall, 
it is much thicker than the Fallopian tube. The two uteri join along 
the median line to form a common tube called vagina. A vaginal 
septum separates the openings of the two uteri. The uteri and 
vagina lie in a fold of peritoneum, the mesometrium. 


Ventral to the vagina lies a urinary bladder whose neck fuses 
with the vagina to form a short urogenital canal or vestibule 
that opens to the outside by a slit-like vulva. A pair of Bartholin’s 
glands open into the dorsal wall of the vestibule serving to lubricate 
the opening of the vagina, they correspond to Cowper’s glands of 
the male. At the ventral side of the vestibule lies a clitoris which 
is homologous with the penis of the male and consists of erectile 
tissue with a highly sensitive tip. 

A.B.—49 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


754 . ANIMAL BIOLOGY 


FALLOPIAN ТОВЕ Я ie R.-KIONEY 


LEFT URETER 


URINARY BLADDER- 3. 


RINOGENITAL 
SINUS 
BARTHOLIN’ 


GLANOS NeRECTAL GLAND 


PERINEAL GLANDS 


Fig. 528 Urogenital system of female rabbit. 

Male reproductive organs—The testes are ovoid bodies which 
arise near the kidneys and in most mammals, except elephants and 
aquatic mammals, they descend before birth from the body cavity 
_into a special portion of the coelom called vaginal coelom, which is 
placed into pair of scrotal sacs covered externally by hairy skin. 
Each testis remains connected with its original position by a spermatic 
cord which consists of connective tissue having an artery, a vein and 
a nerve. In passing downwards the testis carries with it a part of 
the embryonic kidney which is called epididymis, it lies along the side 
of the testis. The connection between the scrotal sac and the body 
cavity is reduced to a thin inguinal canal, but in rabbit the commu- 
nicating passage is wide and the testis can be readily pushed into the 
abdominal cavity. 

Each testis is covered by a tough coat of connective tissue, the 
tunica albuginea, which is produced into the substance of the testis 
in the form of septa or partitions. The spaces between the septa are 
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Fig. 529 T.S. of testis of mammal. 
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occupied by long convoluted seminiferous tubules whose walls 
are lined with germinal epithelium which produces spermatozoa. In 
between the germinal epithelial cells are large-sized Sertoli or nurse 
cells which nourish the spermatozoa. Between the seminiferous 
tubules is connective tissue having cells of Leydig or interstitial cells 
which secrete hormones, these hormones control the development of 
secondary sexual characters. Sperms are stored in the testes only for 
a short time. If they are not discharged, they gradually die and are 
disposed of by certain tissues of the testes. 

A testis is attached to a long coiled epididymis which is enlarged 
in front and behind the testis into a caput epididymis and cauda 
epididymis respectively. The narrow middle part is called corpus 
epididymis. The cauda epididymis is joined to the scrotal sac 
by a short cord, the gubernaculum, The seminiferous tubules 
open into a system of spaces, the rete testis, from which many V85# 
efferentia lead to the epididymis. Each epididymis is continu 
into a vas deferens. The vas deferens passes forwards and enters 
the abdominal cavity through the inguinal canal, it curves OV 
the ureter and passes backwards to open into the neck of the 
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Fig. 532 Urogenital system of male (lateral view). 


urinary bladder near a median bag called uterus masculinus 
Ог seminal vesicle lying above the neck of the bladder. The 
uterus masculinus may be absent in some rabbits. After the junc- 
tion of vas deferens and the neck of the bladder there is a tube 
known as the urogenital canal or urethra which passes into a 
Penis to open at its tip. Thus the urethra serves as a passage both 
of urine and the spermatic fluid. A large prostate gland lies at 
the base of the uterus masculinus, it opens into the urethra by 
numerous ducts. Below the prostate is a pair of Cowper’s glands. 

The penis is a cylindrical organ with spongy, vascular walls, it 
is invested by a loose sheath of skin, the skin hangs over the tip of 
the penis as the prepuce. The tip of the penis which is enclosed by 
the prepuce is called glans penis which is highly sensitive. The 
eenis is formed by three longitudinal columns, two upper corpora 


cavernosa and a lower median corpus spongiosum. The urino- _ Ee 
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Fig. 533 Urogenital system of male rabbit (ventral). 


genital canal passes through the corpus spongiosum. The venons 
Spaces of the penis get filled with blood to make the penis stiffened 
during sexual excitement. г 
Sperms from the testes together with the secretions of Cowper's 
glands, prostate glands, uterus masculinus and epididymis form the 
semen. The secretions of the glands activate and nourish the datas 
and also neutralize the acidity of the urethra, because acid is harmfu 

to spermatozoa. 
Ў Copulation—A. female will receive a male in most mammals only 
: when it is said to be in oestrus or in heat, but domesticated rabbits 
| will copulate at any time, though wild rabbits copulate from January 
. . fo June. The penis is inserted into the vagina of the female, this 
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causes a reflex contraction of the muscles of vasa deferentia which 
ejaculate the semen into the female. This is known as copulation 
or coition. 
Fertilization— The . influence of copulation is remarkable in 
rabbit. The Graafian follicles do not fully mature without copula- 
tion which is followed by ovulation some 8-10 hours later. The egg 
discharged from the follicle after copulation soon passes down the 
Fallopian tube. The sperms deposited earlier in the vagina at the 
time of copulation move rapidly up the oviduct, the egg had under- 
gone its first maturation division before discharge from the ovary. 
The second maturation division takes place at the time of fertiliza- 
tion after the entry of the sperm. In fertilization in the Fallopian 
tubes the entire sperm enters the egg but its tail degenerates. The 
sperms have to penetrate the zona pellucida, penetration is helped 
by an enzyme hyaluronidase present in the semen. Although only 
one sperm fertilizes an egg. a considerable amount of semen is 
needed to make fertilization possible and this explains the fact that 
a large number of sperms are produced. The sperm probably does 
not actively bore its way into the ovum, but is engulfed by the latter 
by a process resembling phagocytosis seen in white blood corpuscles. 
After the entry of the sperm its head rotates through 180?, and the 
male and female pronuclei come together to form a zygote nucleus. 
The zygote then passes down the oviduct and reaches the uterus on 
the third day where it lies free. On the fourth day it begins to get 


attached to the wall of the uterus. In the next few days a special . 


connection called placenta is established between the developing 
embryo and the uterine wall. Through the placenta nutrition and 
respiration of the embryo are provided until birth. The period 
of development in the uterus called gestation is about twenty- 
two to thirty days in the rabbit. New-born rabbit has high heat- 
generating brown fat, concentrated around the neck and betwcen the 
Shoulder blades. This heat counteracts the lower temperature of the 
atmosphere. А 

In contrast to external fertilization, as in the case of frog, internal 
fertilization (in mammals) is far superior in several ways. Internal 
fertilization protects the gametes against the dangers of the outside 
environment. The gametes do not dry out within the female's body 
as they would if they were exposed to air. Whereas millions of eggs are 


required to maintain a species by means of external fertilization, tela- — З 
tively small numbers are needed for animals having internal fertiliza- ` T 
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tion. Moreover, the chances that an individual egg will be fertilized 
by a sperm are naturally much greater when the gametes are enclo- 
sed in a small body cavity than when they are shed in a pond or 
stream or sea. For internal fertilization, it is necessary that male and 
female gametes mature at the same time and are released roughly 


simultaneously. 
Questions 
1. Enlist the anatomical peculiarities of mammalian kidneys. 
2. How does the kidney of a mammal differ from that of a frog ? 
3. If two kidneys are kept in a petridish, say how would you assign 
each of them to their real owners. 
4. Define the terms : hilus, pyramid, renal columns of Bertini, 
pelvis, glomerulus and Bowman's corpuscle. 
5. Draw a diagram of the sagittal or L. S. of a mammalian kidney. 
6. Why has the afferent renal arteriole a larger diameter than the 
efferent renal arteriole ? 
7. Of all the products and substrates in the ornithine cycle which 
do you think is of central or key importance ? 
8. Whatis the outcome of the hydrolysis of arginine ? 
9. Why citrulline is put back into the ornithine cycle every time a 
molecule of urea is formed ? 
10. Why is ammonia not the end product of renal excretion in 
mammals ? 
11. In which part or organ of the body do reactions of the ornithine 
cycle take place ? 
12. Give an account of the reproductive system of a male rabbit. 
13. Describe the sequence of events in the ovary leading to the 
rupture of Graafian follicle and ovulation. 
14. Differentiate between the following terms : 
corpus luteum, corpus callosum, corpus spongiosum; corpus 
striatum and corpus albicans. 
15. Mention the place, mode, timing and the material for fertili- 
zation in a mammal. 
16. Give an account of the tubular system in the testis of rabbit. 
17. The four excretory organs are : 
Kidneys*/ spleen / skin*/ thymus /tonsils /lungs*/rectum / small 
intestine*. 
Normal range of urine is : 


рН 8.4-5.7/4.8-7.5*/3.5-7 :0/7.0-7.1. 
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Stale urine smells like ammonia because it changes into NH,/ 
its bacterial decay produces NH,/it forms ammonium carbonate*. 
“Secretion” takes place in the— 
glomerulus /loop of Henle / proximal tubule / distal tubule*/ 
collecting tubule*. 
Mention the names of nitrogenous excretory products produced 
by rabbit. Describe the role of liver in excretion. 
Role of the loop of Henle 15: 
(i) extraction of water from nephric filtrate, (ii) extraction 
of sodium’, (iii) extraction of glucose, (iv) production of ADH. 
Which of these activities is not directly concerned with cell- 
metabolism :— 
(a) defecation*, (b) excretion, (c) secretion (d) perspiration. 
Ornithine cycle is concerned with— 
(a) deamination, (b) transamination, 
(c) formation of urea*, (d) formation of urine. 
Which of these have ureotelic excretion— 
(a) frog*, (b) man*, (c) pigeon, (d) snake, (e) dog-fish*. 
Most toxic nitrogenous end-product is— 
urea / uric acid / ammonia* / guanine. 
What will be the EFP, if BCOP is 40, CHP is 54 and GHP is 50. 
(Urine formation stops.) 
Which enzyme in the ornithine cycle finally leads to the synthesis 
of urea— 
arginase* / arginino-succinase / arginino-succinate synthetase. 
Erythropoietin hormone is secreted by— 
(a) liver, (b) kidney*, (c) pituitary, (d) pancreas. 
Urea is produced physiologically by the action of enzyme— —— 
Urease / carbamyl phosphate synthetase / arginase* / uricase. ` 
The gestation period of an animal is the time between :— 
(a) conception and the birth of the young*, 
(b) foetus forming and being born, 
(c) child-bearing age and menopause, 
(d) birth and death. 
The testis of a mammal is enclosed in a capsule known as— 
tunica vasculosa / tunica albuginea* / tunica vaginalis /.tunica 
propria. 
What do the following units represent ? 
(a) osteon, (b) nephron, (с) codon, (d) monopeptides 
(e) neuron, (f)cnidom, (р) haem- ; 
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In mammals sperms are released in the feriale by the male at — 
Fallopian tube / cervix* / vagina / vulva. 

Mature ova are released at— 
uterus / Fallopian tube / oviducal funnel / ovary*. 

Acidosis of blood is countered mainly by— 


*NH,*/ Na*/ K+/ Ca**/ CO, 
Fertilization of the ovum in the bitch takes place in the— 
(i) cervix, (ii) uterus, (iii) Fallopian tube* 


(iv) oviducal funnel, (у) ovary. 
If ovaries of a pregnant mammal are removed :— 


the embryonic development will stop/ embryo will die/ deve- 


lopment remains unaffected*. 
Pregnancy may be confirmed by— 

testing the blood of a pregnant woman/ testing her urine*/ 
testing the uterine fluid/ rate of pulse-beat/ blood pressure. 


How many secondary spermatocytes will be required to form 
400 spermatozoa ? 


100/ 400/ 40/ 200*. (CPMT-1985) 
Ultrafiltration in rabbit’s glomerulus is through— 


basement membrane*/ clear endothelial pores/ podocytes/ inter- 
podocytic space. (CPMT-1988) 
Leydig cells are found in : 

п gus | testis* / adrenals / pineal OMIM 
iltration pr i i is : H 
Br ey essure in the ку: of man Bc GML 1 990) 
Synthesis of urea takes place by : 

Ornithine cycle*/ nitrogen cycle/ krebs cycle/ glycolysis. 
(PMT-1991) 
Reabsorption of water in nephrons is controlled by : 
STH/ACTH*/ oxytocin/ vasopressin. (РМТ-1991) 
Excess of urea in blood resulting from kidney failure is known 85 : 
uremia*/ ureotelic/ uricotelic/ urochrome. (РМТ-1991) 
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CHAPTER 4O 


POPULATION EDUCATION 
& FAMILY WELFARE 


The rapid growth of population is a major factor which is strongly 
retarding India’s development as a self-sufficient nation. Each year 
India’s population grows by 2.5%, ie., by 1.3 crore people. By 
2000 A.D. our present population of 52.5 crores will have grown to 
1,000 million unless checked. According to 1981 census Uttar Pradesh 
alone accounts for a population share of more than 11 crores (8.3 
crores in 1971) with an annual increase of 22 lakhs, putting additional 
burden on State's economy in the shape of food, cloth, accommodation 
and schooling. Nearly 40% people of U.P. live below poverty line. 
The key to economic welfare lies in maintaining the ‘small family’ norm. 

To pin down the birth rate to 197 or even less in the coming 2-3 
decades Union and State Governments are implementing Family > 
Planning programmes under the banner of Family Planning Associa- 
tion of India (FPAI). In spite of the painstaking work of the officials 
and non-officials the majority of those couples who adopt birth control 
methods are of the group of 4-5 or more children. The message of 
Family Planning (FP) must, therefore, spread more quickly than ever 
to cover newly-weds or young couples who have less than three 
children, 

The task of motivating all couples to plan their families by volun- 
tarily adopting FP methods is one of tremendous magnitude. And 
as each year passes by without showing decline in the birth rate, an | 
Increasingly intensified ‘crash programme’ is the need of the hour. 
Such crash programmes cannot be carried on for decades or for a whole 
Beueration. They can succeed best at comparatively short, sharp 
Spurts. Therefore, even while the intensified FP drive must be promot- $9 a 
ed throughout the country, it is essential that the basic knowledge — — 
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about the population problem and FP programmes must reach the 
younger generation at the School/College level between 12-18 yrs. age, 
and also the uneducated rural/urban youth. 

Every citizen must (1) know and understand that family size can be 
regulated by personal responsible choice ; (2) realize that their per- 
sonal decision as to how many children to have, affects not only their 
own welfare, but also the welfare of the entire Nation. And, when 
the occasion comes, (3) decide that their family should consist of not 
more than two children with a sufficient spacing between them. 

Population education to the younger generation does not mean 
the teaching of sex and FP methods straightaway. It has to be prece- 
ded by simple and realistic explanation of the causes of India’s ex- 
ploding population, the birth rate and the economic conditions, effects 
of excessive population growth on agricultural, industrial, educational 
development and job opportunities, present and future quality of life, 
advantages of small families and the standards of living as compared 
to less-populated and more developed countries of the world, like 

America and Switzerland, which are self-conscious of planned parent- 
hood. The message of ‘Planned parenthood’ and ‘Small family’ norm 
has to be widely publicized through mass communication media like 
radio, TV, newspapers, panel hoardings, wall paintings, cinema slides, 
short films, exhibitions, seminars and discussion camps. ‘Telecasting 
and broadcasting of popular TV and radio serials late in the night are 


beneficial as they are likely to shift bed-time by an hour or more and 
help family welfare indirectly. l 


What FP means to a student of Biology ? 


With a sufficient sound background of the anatomy of the male 
and female reproductive systems of Mammals, the structure and the 
physiology of the gonads and the hormonal machinery, it is easier for 
a Biology student to understand the FP programmes better than the 
students of other disciplines. A detailed FP programme is beyon 
the scope of this book, however, a brief description of the structure 
and functioning of the reproductive organs of Man and counselling: 
it is hoped, will be quite useful. 

(A) Réproductive organs of man 


The human testes are two small bodies of about the Size and 
shape of a pigeon's egg. They are contained in a sac, the scrotum 
which hangs from the anterior wall of the abdomen. The (0 
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separate cavities in the scrotum are separated by a fibrous partition 
and are really parts of the coelom with which they are connected by 
means of narrowed inguinal canals. A white fibrous capsule covers 
each testis and sends partitions through its interior, dividing it into 
lobules. Each lobule contains a tiny, coiled seminiferous tubule and 
numerous interstitial cells of Leydig. Seminiferous tubules come 
together to form a plexus from which a few ducts emerge and enter 
the head of the epididymis. 


Each epididymis consists of a single tightly coiled tube enclosed in 
a fibrous casing. The tube has a very small diameter but measures 
approximately 20 feet or 6 metres in length. The epididymis serves 
as one of the ducts through which sperms pass in their journey from 
the testis to the exterior. , It also stores a small quantity of sperm 
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Fig. 534 Reproductive organs of Male. 
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before ejaculation, and secretes a small part of the seminal fluid 
(semen). 

The epididymis straightens out to form the vas deferens or the 
seminal duct. It passes through the inguinal canal, where it is enclo- 
sed in a fibrous cylinder, the spermatic cord, into the abdominal cavity. 
Here it extends over the top and down the posterior surface of the 
urinary bladder and joins the duct from the seminal vesicle to form 
the ejaculatory duct. 

The commonly known operation called vasectomy is simply cutting 
and ligaturing the vasa deferentia of both sides through incisions in 
the groins. No longer can the sperms pass into the urethra. 

The two ejaculatory ducts are short tubes that pass through the 
prostate gland to open into the urethra. Seminal vesicles mentioned 
earlier are irregularly lobulated bags that are placed below the 
urinary bladder directly in front of the rectum. Seminal vesicles 
secrete the viscous liquid part of the semen. It contains nutrients 
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Fig. 535 Scrotum of male cut open, (seen from a side.) 
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that support sperm metabolism. The seminal vesicles do. not store 
sperms. a 

The prostate gland is a compound tubuloalveolar gland that lies 
just below the bladder and is shaped like an almond. The fact that 
the urethra passes through the small hole in the centre of the pros- 
tate is a matter of clinical importance. Some older men suffer from 
enlarged prostate. As the gland enlarges it presses the urethra so 
much so that urination becomes almost impossible. The treatment 
is a surgical operation called prostatectomy in which the gland is 
Removed. 

Secretion of the prostate gland is of great significance. It secre- 
tes a thin, viscous and alkaline fluid that is put through the urethra 
under sexual excitement. The prostate secretion not only neutrali- 
zes the otherwise acidic urethra, but also forms a major part of the 
semen. Sperms cannot stand acidity both in the male urethra and 
female vagina; prostate fluid neutralizes acidity in both. Slightest 


acidity inactivates the sperms, they lose their motility and may even 
dic. 
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Fig. 536 Man—relation of various tubes. 
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Two small pea-seed shaped bodies lying below the prostate gland 
are Cowper’s or bulbo-urethral glands. These tubuloalveolar glands 
open into the proximal part of the urethra by means of about 2:5 cm. 
long ducts. Their secretion is alkaline and serves to neutralize acid 
in the male urethra and the vagina of the female. 

Male organ or the penis is made up of three cylindrical masses 
of erectile tissue, enclosed in separate fibrous coverings and held 
together by a covering of the skin. The two larger and uppermost 
of these cylinders are named corpora cavernosa penis, while the 
smaller and lower one, which contains the urethra (tube through which 
urine and semen travel), is called the corpus cavernosum urethrae. 
At the distal end of the penis is a bulging called: glans over which 
the skin is folded doubly to form a loose fold called prepuce. 

The seminal fluid or semen is composed of (i) secretion of the 

. testes and epididymes, constituting roughly 5% of the semen volume; 
(ii) another 30% part comes from the secretions of the seminal 
vesicles; (iii) major part, about 60% comes from the prostate gland, 
while bulbo-urethral glands contribute less than 5%. 

Male fertility is reduced due to several factors (i) the number of 
sperms in a single ejaculate may be less than normal, usually if the 
sperm count is less than 50 million per ml of semen, sterility deve- 
lops; (ii) sperms may not be of correct size (0:05 mm. long) and 
shape; (iii) sperms are weak and have low motility even when 
Supported by prostate secretion, (iv) acidity in the male urethra ог 
female vagina is not fully neutralized or insufficiently alkaline. 

(B) Reproductive organs of the woman 


two parts : an upper port 


called cervix. The body rounds 
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і the level at which the oviducts or uterine tubes enter. This bulging 
| upper surface is called the fundus. ; 
Histologically, there are three coats in the wall of the uterus : 
the innermost lining or the mucous membrane is called endometrium. 
(Fig. 538). The middle coat called myometrium is made up of smooth 
muscles. It is this coat that accounts for the thickness and bulk 
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Fig. 537 Woman's reproductive organs. 

of the uterus. Myometrium is thickest in the fundus and thinnest 
in the cervix. This is very logical and practical because at the time 
of birth the fundus part has to push the body down powerfully while 
the weak muscles at the cervix keep the opening stretched and dilated. 
A thin coat of peritoneun is the outermost covering of the uterus 
and covers the fundus and a part of the body only. Because of 
the great thickness of the myometrium the cavity of the utcrus is 
narrow and triangular. An elastic broa шеше holds the uterus 
i ix slightly projects into the vagina. 
О болы ы а E bes at one end open into the fundus 
Of the uterus, at the other, are differentiated into a tubular part. 

4.B.—50 ^ ‚* 
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Fig. 538 Woman's reproductive organs. à 
known as Fallopian tube, and a fimbriated funnel or the infundi- 
bulum. A small portion of the oviduct behind the funnel is known as 
the isthmus. The mucous membrane of the uterine tubes is ciliated. The 
free end of each uterine tube curves about the ovary in such a Way 
that the fimbriae cup over the ovary but do not actually attach to 
it. The funnel thus opens into the abdominal coelom. Sometimes 
the egg released from the ovary falls into the peritoneal cavity and 
makes possible pregnancy in the pelvic cavity instead of in the uterus 
as is normal. : 

The external outlet of the uterus is through the vagina, It is situ 
ted between the rectum and the bladder and urethra. Vagina 1S ® 
collapsible tube capable of great distention. Vagina receives the 
penis during sexual union. In the virgin state a fold of mucous 
membrane, the hymen, forms a border around the external opening Md 
the vagina. Rarely it is tough, usually it breaks at the first menses: 
А homologue of male penis called clitoris is present at the exte? 
opening. Between the clitoris and the vaginal orifice lies the Duce 
of the urethra for the passage of urine only. A pair of Bartholin 
glands are placed in the vaginal orifice. They sccrete a lubricating 
secretion like the Cowpers’ gland of the male. 
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Significance of thẹ uterine tubes in the family planning is that 
these tubes can be surgically tied close (ligation) or cut off from the 
uterus (tubectomy) permanently, thus making pregnancy impossible. ` 


THE HORMONAL MACHINERY AND THE 
i MENSTRUAL CYCLES - 
-Under the influence of the hormones of the pituitary and those of 


the ovary itself the uterine wall undergoes significant changes in a 
cyclic or periodical manner. Such cycles are a part of womanhood 
and begin at about 14th year of age (menarche), cycles continue for 
nearly thirty years, after which they become irregular and finally 
stop (menopause). Human cycles are repeated roughly after 28 days, 
incidentally for the same number of days as there are in a lunar 
month, hence more commonly called monthly cycles, menstrual cycles 
or periods, or oestrous cycles. 

During menstruation, bits of endometrium are cut off, leaving 
bleeding patches where fine arterioles are also ruptured. Uterus 
continues to bleed for about 4-5 days, after which a process of 
repair and strengthening begins. New endometrium is formed, the 
endometrial glands and arterioles are lengthened and become coiled. 
More thickening (4-6 mm) of the endometrium is achieved as more 
and more fluid is retained in it. : 

The day menses starts is taken as the first day of the 28-da 
cycle. From this day onwards the pituitary gland releases increa- 
sing quantities of the follicle-stimulating hormone (FSH) for next 
ten days. FSH influences the ovary where 20-25 egg follicles begin 
to develop simultaneously, but only one of them reaches maturity, 
others degenerate or become atretic. The mature Graafian follicle, 
about 12 mm across, bulges on the surface of the ovary. As men- 
tioned before, the follicle has a small cavity, the antrum, into which 
the follicle cells have been putting forth their secretions, namely, 
the estrogens (Fig. 526). 7 8 

The estrogens (one of the female hormones) as they circulate іп 
the woman's blood in increasing amounts do several things : 

(i) they inhibit FSH secretion so that no more follicles develop 


In the ovaries, ? R 4 
(1) the endometrial cells begin to proliferate producing a thicken- 


ing of the endometrium, г ; 
(iii) the endometrial glands grow and begin to secrete fluids, 


(iv) water content of the endometrium is increased, 
(v) myometrium is toned up and the uterus begins to contract 
gently, 
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(vi) blood supply in the uterus is enhanced, 

Briefly, the estrogens tone up the endometrium by repairing it and 
making it ready to receive the fertilized egg. The side effects are: 
estrogens influence the electrolyte metabolism of Nat and water in 
the kidneys, promote protein synthesis, and develop sexual urge. 

It must be remembered that FSH continues to be put forth for 
first 10 days of the cycle, after which its quantity is gradually redu- 
ced; estrogens similarly become active from the 6th day (i. e. soon 
after the menstrual flow stops) and continue so till the 15th day. 
Another hormone of the pituitary called luteinizing hormone (LH) 
is put forth in the blood circulation from the 9th day of the cycle. 
LH influences the Graafian follicle, helping it to ripen and mature. 
On the 14/15th day of the cycle LH reaches the maximum limit. On 
this day the Graafian follicle bursts to release the egg-cell (oocyte), the 
release is called ovulation, after which LH secretion slowly dies out. 

The released oocyte is grabbed by the fimbriated funnel from 
where it advances through the Fallopian (uterine) tube. Fertiliza- 
tion takes place in this tube; spermatozoa may have reached there 
earlier. 

The burst-out Graafian follicle, under the influence of LH is 
transformed into an important endocrine centre called corpus luteum. 
The follicle cells become secretive lutein cells and they put on 8 
yellow/orange colour. The blood oozing from the capillaries around 
the follicle leaves a blood clot in the middle. The lutein cells, blood 


‚ clot and the connective tissue around collectively form the corpus 


luteum that secretes progesterone. Progesterone concentration 1 
the woman's blood goes on increasing from 16th day to next 5/6 days 
ofthe cycle. What progesterone does ? : 

(i) Progesterone inhibits FSH and LH so that ovaries are inact: 
vated for some time so far egg-production is concerned; 

(ii) it acts upon the estrogens-toned uterus thereby activating the 
endometrial glands, 

(iii) blood supply to the uterus is enhanced, 

(iv) inhibits the muscles of the uterus, 

(v) activates the mammary glands (not milk production), f 

(vi) keeps a control on the oxytocin and lactogenic hormones 0 
pituitary, thus preventing premature birth and milk-production- һе 

Overall actions of progesterone prepare the uterus to receive t t 
fertilized egg and its implantation. It may now bé remembered 25 › 
all preparations made ready, the chances of fertilization аге from 
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the 15th to roughly 22nd day of the cycle. From 22nd day onwards 
the events that follow depend upon whether fertilization has taken 
place or not. 

INCREASING FROM 9TH DAY 


MAXIMUM CONCENTRATION 
& ON A3TH-14TH DAY, DECREASING FROM 15TH«20TH DAYS 


у 
SECRETION S 


157 ТО 10TH DAY MATURE FOLLICLE 


оң) 


Y HIGH CONCENTRATION OF 
| ESTROGENS IN BLOOD 5 
10TH-13TH DAY 


OVULATION 
15TH DAY ESTROGENS 


EN 15TH-22ND' DAY 
RA FERTILIZATION 


PROGESTERONE 
SECRETION 

MAXIMUM CONCENTRATION 

BETWEEN 16TH-21ST DAY 


IF ‘YES’ x 
CORPUS LUTEUM REMAINS IF ^NO' 
ACTIVE SECRETING PROGESTERONE n 
| EP DR AVSPANG CORPUS LUTEUM BEGINS 
{ TO REGRESS AND BREAKS 
i INHIBITS FSH, LH, БОЛОК 
OXYTOCIN AND LACTOGENIC 25TH/26TH DAY 
‘ e. HORMONES 
| NEXT 48 HOURS 
MENSTRUAL FLOW 
(LAST EVENT OF THE CYCLE) 
IN THE ABSENCE OF PROGESTERONE 
AND LOW ESTROGENS— - 
FEEDBACK TO PITUITARY. 
» FSH SECRETION 
T BEGINS 
{ 
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If fertilization has taken place, then the corpus luteum persists 
for the full period of pregnancy, i.e. 280 days and continues to 
secrete progesterone. The fertilized egg is implanted in the uterus 
and is nourished by means of the placenta. Some estrogens and 
progesterone come from the placenta itself. 

If fertilization has failed to take place, then the corpus luteum 
begins to regress from the 23rd day of the cycle, progesterone con- 
centration in the blood falls progressively; nearly all actions of 
progesterone are reversed. On the 26th day the corpus luteum 
breaks down. Exactly 24 hours after, the menstrual flow begins on 
the 27/28th day of the cycle. While corpus luteum is breaking 
down, the tightly coiled arterioles of the uterus constrict, producing 
endometrial ischemia, leading to shedding of endometrium and blood. 
The last menstrual cycle comes to an end and a new one begins. 
All controls over the FSH and LH now lifted, the ovary becomes 
active again, producing new follicles. 

Premenstrual syndrome (PMS) : Some women, before the beginn- 
ing of menstrual cycle, suffer from weight fluctuation, fatigue, consti- 
pation, irritability, moodiness, anxiety and a great desire for sweets. 
These symptoms are referred to as premenstrual syndrome. Recent 
researches have shown a relationship between PMS and thyroid 
problems. The more severe the thyroid disorder the more severe the 


premenstrual syndrome. Treatment with thyroid showed a marked 
return to normalcy in the PMS women. 


© Some important aspects of Family welfare programme 


‚ 1. Age for marriage : Yt has been calculated that the Indian 
birth rate might be reduced by as much as 30% in the 1990s if all Indian 
women married after the age of 19 years, Late marriage in U.S.A. 
and Europe was one strong factor that kept a check on the birth rate. 
In the present conditions in our country, the most ideal age for marriage 
both for girls and boys is between 22- 


28 years. 
2. Counselling : Proper advice at the proper time and by a prope 
counseller is very 


important in FP. Counselling can be carried out 
by a doctor, a qualified and trained nurse, health visitor or even ê 
trained social 


: worker. When sterilization or abortion is under const- 
deration, counselling is perhaps most important. It is also essen 
before marriage 


ore ma or when premarital relations are involved. COUP 
selling IS now freely available at the centres run by the Family 
Planning Association of India in all important towns. 


E 
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3. Contraceptives: These are devices to prevent undesired babies 
A good choice is available. 

(A) Oral contraceptives : Since early 1960s female hormonal contra- 
ceptives have been used increasingly in many countries including India. 
The most widely used hormonal contraceptives (steroids) are oral pre- 
parations of norgesteral ethynilestradiole (Ovral and Mala-D) tablets 
taken in continuous amounts from 5th to 22nd day counted from 
the first day of menses, followed by an interval without steroids during 
which uterine bleeding (menstruation) occurs. Injectable steroids such 
as Medroxy - progesterone acetate (Depo Provera) are used in some 
countries such as Germany, Belgium, New Zealand, Thailand and 
Sri Lanka. The steroids act mainly in two ways: 1) by altering 
the neuro-endocrinal feedback system that controls hypothalamic- 
pituitary-ovarian relationships, and 2) by inducing changes in part of 
the reproductive tract such as cervical mucus, the endometrium 
(uterine mucosa) and probably the myometrium (muscles of the uterus) 
and the Fallopian tubes (oviducts). 

The most recent addition to the list of Indian oral contraceptives 
is the SAHELI contraceptive pills released on the World Population 
Day observed on July 12, 1991. 

Developed by the Central Drug Research Institute (CDRI) 
Lucknow, the pill is claimed to be a major step in contraceptive 
therapy. It has to be administered only once a week and rather than 
interfering with ovulation, it hampers the preparation of uterine endo- 
metrium for reception of the fertilised ovum, There is a quic kreturn _ 
of fertility on stopping the drug. 

These multiple modes of action are the reasons for the almost 
complete efficiency of the combined oral contraceptive pills. Thus, 
if ovulation! does take place, pregnancy rarely occurs, since conditions 
in the reproductive tract are unfavourable for sperm and ovum 
transport and for the implantation of the fertilized egg. 

(B) Contraceptive implant : Scientists have come up with a new 
implantable contraceptive device called Norplant that prevents preg- 
nancy for five to six years with a single application. Manufactured 
in Finland, the Norplant method is a slow-release hormone system 
that has been tested on 14,000 women in 14 countries. The device 
will be particularly useful for women over 30 whose doctors have 
advised them to discontinue the Pill and who reject sterilization. 

The Norplant device is a set of six matchstick-size Silastic tubes 
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filled with synthetic progestin, a hormone found in many birth-control 
pills. Implanted under the skin of the uppe: arm, the tubes are 
invisible and do not interfere with arm motion. The hormone released 
continuously inhibits ovulation in more than 50% of the cycles. And, 
as an added safeguard, it thickens the cervical mucus, making the 
passage of sperms into the uterus almost impossible. It also suppresses 
the monthly growth of the uterine lining tissue so that it would not 
be able to nourish the fertilized egg. Because the daily dose is very 
small and contains no estrogen, this method is not expected to pose 
tisks like strokes and blood clots associated with some pills. 

(C) Intra-uterine contraceptive device (IUCD) : YUCDSs require a 
trained personnel to insert them into the uterus and provide follow-up 
advice. IUCDs have been designed to provide protection against preg- 
nancy, can be fitted easily with least discomfort, and can remain in 
place in the uterus until the woman wishes it removed. Lippe’s loop, 
Saf-T-coil, Copper-7, Copper-T and Progestasert are some of the 
commonly used TUCDs, though oral contraceptives are preferred as 
TUCDs have sometimes failed miserably. A recent American study 
has revealed that women using IUCDs are 70% more likely to develop 
severe pelvic inflammatory diseases. 


(D) Barrier contraceptives : With many side effects now known to 
occur by the use of oral contraceptives and failure of IUCDs, emphasis 
has shifted to the use of barrier contraceptives, which are meant to 
block the entry of semen (spermatic fluid) into the uterus or to kill 

. the sperms right there. Latex (foam rubber) barrier contraceptives 
to be worn by women are the vaginal diaphragms and cervical caps 
for repeated use with spermicides (sperm killing creams). Most 
modern vaginal contraceptives are the ‘soluble vaginal contra- 
ceptives’ which dissolve quickly and are effective for one hour after 
insertion. ‘Today’ is the brand name of one such contraceptive 
marketed by a Bombay firm. Disposable or single-use contraceptives, 
the condoms, are for the men. The electronically tested popular 
brands of condoms available in India are the Nirodh, Durex, Masti 
and Koh-i-noor. Imported ones like Sultan, Gold dollars, Three 


Knight and Tahiti are also available. Several brands of spermicid? 
creams,are also marketed. 


| 
| 
1 
| 
| 


(E) Male pills and vaccine : Search for the male pills or oral CT 

traceptivesfor men is going on. Male hormone testosterone and pituitary 

| hormones gonadotropins are necessary for the maturation and motility 
$9. 


Ame 
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of sperms. Blocking these hormones can check the production of 
fertile and active sperms. Chlorodeoxy sugars have been found useful 
as contraceptive agents. They make the sperms in the epididymis so 
weak that they become non-motile, hence useless for fertilization. 
These sugars interfere with the glycolysis of the sperms which is slowed 
down so much that not enough ATP is produced making the sperms 
non-motile. Oral doses of 25 mg/kg body weight everyday produce 
the desired effect in 5-7 days in rats; work is in progress in men. A 
‘male vaccine’ has been developed at All India Institute of Medical 
Sciences whick makes the sperms temporarily infertile. 

(F) Sterilization: Of all the contraception methods sterilization 
or ‘Nasbandi’ has been found to be the best and reliable. Cutting off 
or ligating the continuity of the oviducts or vasa deferentia and 
thereby producing sterility is quite common the world over. Vasectomy 
(cutting off the male tubes or vasa deferentia) inside the scrotum is 
easier than tubectomy (cutting off the oviducts or the female tubes) 
and requires less surgical skill and is done in an approximately half the 
time necessary for female sterilization. A new technique known as 
Laproscopic tubectomy, is catching up and becoming more popular 
than the abdominal tubecotmy or vasectomy. Reversal of tubec- 
tomy or vasectomy (recanalization) is possible and is often in demand 
in case of remarriage or the death of all children of the couple. 
Expert gynaecologists, however, comment that “tubal ligation" is not 
done properly to the extent of 95% in India. Ligation should be 
precisely performed at the isthmic part of Fallopian tube which doctors 
generally avoid. A better birth-control method known as Hysteroscopy 
is being tried in India, though popular in western countries. No 
sedation or anaesthesia is given to the patient in this method. 

(G) Medical termination of pregnancy (MTP) : This, or legal 
abortion is done on social and medical grounds in many parts of ће! 
world, including India. Abortions carried out under 12 weeks from 
| the first day of the last menstrual period are most straightforward 
| surgically. With increasing length of gestation the procedure 
becomes more difficult. Many induced abortions can be eliminated 
by better use of contraception or sterilization. 


T Abortion Drug Ч з 
\ The production and marketing of a medicine that induced artifi- 
M cial miscarriage is in the offing. The drug, called preglandin, has 
Д .attracted much attention because it enables abortions to be carried 


out safely during the middle stage of pregnancy. Preglandin takes į # 

. ù Р 
«y 
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the danger out of abortion in the middle stage of pregnancy and 
has a 90 percent success rate, according to its «developers. It con- 
tains prostaglandin, a substance like a hormone that causes muscles 
to contract. When preglandin is inserted into the uterus, it brings 
on labour pains and causes the cervix to open, thereby inducing 
natural abortion of the foetus. 

One pharmaceutical company which developed the drug in Japan, 
says that after-effects of abortion by preglandin will be slight. The 
woman may suffer from diarrhoea, fever, headaches and nausea, 
but she will only have to stay in hospital for about three days. com- 
pared with a week for a woman who undergoes an operation. The 
cost of an abortion using preglandin will be about 25 percent less 
than the cost of an operation. 

The Health and Family Welfare Ministry fears that easy access 
to an abortion drug like preglandin would lead to a sharp increase 
in the number of abortions carried out and a loss of respect for 
human life. Strict regulations to prevent its abuse will have to be 
laid down. The new drug will only be available to physicians for 
use in therapeutic abortions during the middle stage of pregnancy 
(from 12 to 23 weeks), and it will not be sold over the counter. 

Vaccine against pregnancy—In Spite of all the available techniques 
of family planning the world population is rising at an undiminished 
rate. Most the methods now in use require frequent medical attention. 
So what we need are techniques that are simple, long acting and do 
not require constant attention or medical supervision. А vaccine 
“against pregnancy seems to show the promise. The search for such 
a vaccine started in 1970. 

Four important hormones are concerned with the reproduction, 
these are : thyroid stimulating hormones (TSH), follicle stimulating 
hormone (FSH), luteinizing hormones (LH) and chorionic gonadotro- 
phin (CG). Each of these hormones are composed of « and В subunits 
It is also known that it is within the B sub-unit that the biologi 
activity of each resides. If it Were possible to develop a vaccine 
against the 8 sub-unit of human chorionic gonadotrophin (hcG—P) it 


might block the signal that establishes pregnancy in the monkeys, 2P% 


Separation or purification or hOG- was done easily, but the prob- 
Jem was that how hormone Produced and present in the blood of 6 
owner could induce the formation of antibodies against its own БОГ 
mone (antibodies are formed against challenging foreign proteins): 
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Prof. Vernon Stevens in Columbus, Ohio (U. S. A.) and Prof. Pran 
Talwar in the All India Institute of Medical Sciences, New Delhi 
(India) both succeeded in coupling hCG-f to a foreign carrier protein, 
one inducing an immune response in baboons and the other in the 
rehesus monkeys. As long as the amounts of antibodies were high, 
the females temained infertile. Similar treatments in women were not 
quite encouraging because, (1) injections of hCG- with carrier protein 
had to be repeated quite frequently to induce desired immune res- 
ponses, (2) chorionic gonadotrophins were produced in some condi- 
tions other than pregnancy; certain tumour cells and ulcers produced 
the hormone, (3) there was the risk of inducing disease in women 
througb interfering with their natural immune system, and (4) antibody 
levels would take one or two years to fall and allow pregnancy if so 
desired. ' 

Immunization against LHRH—A new approach—Luteinizing hor- 
mone releaser hormone (LHRH) is a small protein released by the 
hypothalamus. It controls the secretion of gonadotrophin hormones by 
the pituitary. So by immunizing against this LHRH would block or 
reduce the levels of circulating gonadotrophins in the blood that 
control ovarian function in the female or the way the testes work in 
the male. Dr. Hamish Fraser, Prof. John Hearn, both of U. K., have 
succeeded in immunization of LHRH in monkeys and have been able 
to prevent ovulation in the female and development of sperms in the 
male for about a year. As soon as the levels of antibodies against 
LHRH declined, the females had normal pregnancies. The problem... 
with the administration of LHRH immunity is that it disturbs the 
physiology of the female and male by neutralizing the oestrogen and 
testosterone, affecting their normal sexual behaviour and leading to 
physiological castration. Therefore, LHRH immunization may be 
useful in controlling the breeding of animals, but is unfit for women. 

We have to remain contented presently with the hope that in the 
years to come a useful, effective vaccine against pregnancy and pros- 
pects of reversibility will be produced and made available to fight 
population boom. 2 

AMNIOCENTESIS AND PRENATAL SEX 

This is a technique for determining the sex of the child before it is 
born. About 10 ml of fluid surrounding the foetus (child in the 
uterus) is withdrawn by means of a syringe and analyzed for certain 
metabolites. The floating cells in the amniotic fluid give some impor- - 
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tant informations. Firstly, the analysis of the chromosomes, the 
presence or absence of the heterosomes i.e. the sex chromosomes, 
confirms the sex of the developing foetus. Secondly, the examina- 
tion of the chromosome pairs, the chromosomal! abnormalities causing 
some of the serious syndromes, as Down's syndrome and Turner's 
syndrome can be diagnosed. And, if desired, pregnancy can be termi- 
nated. This investigation aimed at diagnosing foetal abnormalities is 
quite often misused to abort female foetus. 

Targets for family planning in the iSeventh Plan 

The target set for the Seventh plan period is a crude birth rate of 
27 per thousand. The death rate is to be brought down to 10 per 
thousand and infant mortality rate of 87/1000. The couple protec- 
tion level has to reach 42% by the end of the VII plan from the 
present level of 32%; the goal of reaching 60% couple protection 
level is to be attained by 2000 A.D. 

Universal immunization of expectant mothers and children would 
have to be achieved during this period since the mother and the child 
health programme formed an integral part of the family welfare 
programme. Unless the health and survival of child was guaranteed, 
the poor, for whom this family welfare programme was meant, would 
not go in for a small family norm. 

The targets of family planning in the VII plan are 32 million 
sterilizations, 21:25 million [UD insertions, 625 million conventional 
contraceptives and oral pill users. To achieve this a sum of Rs. 4,000 
crores has been allocated. 

Total number of acceptors of family planning methods registered 
a 9% increase during 1988-89 over the previous year, because of 
the high performance in IUD insertions, conventional contracep- 
tives and oral pill users despite a 9:6% decrease in the number of 
sterilizations. 

The number of IUD insertions rose by 70% and that of oral pills 
by 90% during 1988-89, compared to the corresponding period of 
previous year. The trend of 1988-89 prompted Health Ministry (0 
raise the target of IUD by 22% and that of conventional contra- 
ceptive users by 28:597. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 
e 


FAMILY WELFARE 781 


А : Questions 


Which surgical operation is undertaken in a woman for planned 
parenthood— 
(a) prostatectomy, (b) tubectomy*, (с) vasectomy. 
Which one of these is ligatured in the operation ‘vasectomy’ ? 
(a) vermiform appendix (b) prostate duct, 
(c) vasa deferentia*, (d) urethra. 
Constituents of semen are— 
(a) secretions of seminal vesicle*, (b) of prostate gland*, 
(c) secretions of Cowper’s glands*, (d) Fallopian tubes. 
Normal menstrual cycle is completed in— 

20 days / 28 days* / 38 days | 45 days. 
Oral contraceptive pills inhibit the secretion of— 
(a) estrogens, 
(b) progesterone, 
(c) releasing factors of hypothalamus which stimulate secretion 

of FSH and LH by the anterior lobe of pitiuitary*, 

(d) FSH and LH only. 
If the ovary of a pregnant woman is removed during the 4th 
month of gestation, will the pregnancy be terminated? Why? 
Norplant is— 
(a) a kind of plant, (b) a fertilizer fectory, (c) a contraceptive. * 
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CHAPTER 4 1 


TAXONOMY & CLASSIFICATION 


OF ANIMALS 


КСА 


PRINCIPLES OF TAXONOMY 


About a million kinds of animals are known that existed in the 
past ages or are living today. The number of known species of Protozoa 
is 30,000, of Cnidaria 9,000, of Annelida 8,500, of Arthropoda 800,000 
and of Chordata 65,000. These animals show a great diversity of size, 
structure, form, weight, distribution and habits. Hence some system 
is required for naming and grouping these animals. This system of 
classifying animals on a scientific basis is called Taxonomy or 
Systematics. The oldest classification of animals is dated as back 


as the time of Greek philosopher Aristotle (384-322 B.C.) who, regarded . 


as ‘Father of Zoology,’ proposed a crude and unnatural classification: 
From his writings, later naturalists put out the following scheme of 
„classification that lasted for more than two thousand years. Entire 
Animal kingdom was divided into two groups—(1) Enaima—the ani- 
mals with Red Blood, and (2) Anaima--the animals without red colour 
in the blood. Enaima included all the present-day vertebrates, ап 
Anaima, the present-day invertebrates. Some animals did not fa 
into either group. А more comprehensive scheme was then present 
by John Ray (1627-1705). But it was Carolus Linnaeus, а Swedish 
naturalist (1707-1778), who in his book Systema Naturae (10th edition, 
1758) laid the real foundation of modern classification and nomencla- 
ture. He devised a binomial nomenclature in which every species 9 
animal or plant is given two names, a generic name or name of the 
genus and a specific name or name of the species. These two лаш 
distinguish an animal from all other organisms. Both genero = 
specific names are in Latinised form and are always printed in italics, 
and underlined in manuscript. The generic name comes first and и 
written with a capital initial letter, and then the specific name beginning 
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with a small letter (unless it is after the name of a person or place), 
e.g., the common frog is Rana tigerina scientifically, Rana being the 
name of the genus and figerina the specific name. Such naming 
distinguishes an animal from others and no other animal will have this 
combination. The specific name particularises the animal from all 
other species, but the generic name is shared by several closely related 
species which have some common features and they are similar enough 
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to be placed in the same genus, e.g., the European frog is Rana tempo- 
raria. The basis of classification lies in these two considerations. 
What is a species is not easy to define. A species is a group of 
in dividuals having many characteristics in common and differing from 
all other forms in one or more ways; the individuals of a species are 
all derived from a common ancestry, are related by ‘blood’ and 
can breed with one another to produce fertile offspring that resemble 
the parents and should not interbreed normally with the members of 
'toher species. Examples of inter-breeding between members of 
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ditferent species аге. пої uncommon. A cross between a father lion 
and a mother tiger is named ‘Liger’. ‘Tiglion’ is the name given to the 
cross-product of a male tiger and a female lion. Yet a cross between 


a male lion and a female tiglion is on record and was named Jitigon’. . 


Cross between horse and a she donkey is commonly known as mule. 
Recently a cross between a male Zebra and a female donkey has been 
produced and named ‘Zonkey’. All such crosses have resulted in 
captivity and do not occur in nature. The products cannot be bran- 
ded as new species. Taxonomists the world over are discovering new 
species of animals everyday. This naturally creates some problems. 
Sometimes the same name has been given to different animals or diffe- 
rent names to the same animal. Some rules of naming the animals were 
framed by Linnaeus and more were added later. To regulate taxo- 
nomic nomenclature the International Congress of Zoology created a 
permanent commission to prepare the International: Rules or Codes 
of Zoological Nomenclature. The rules were adopted first in 1901, and 
have since been revised in 1961. 


Rules of scientific nomenclature framed by the International Commission 
on Nomenclature in Zoology 


1. All animals must be named according to the Linnaeu's system 
of binomial nomenclature, having a generic name beginning with a 
capital letter, and a specific name always beginning with a small letter, 
with the exception of such names that are significant of a proper 
name. Eg. a species of earthworm named after its founder Prof. 
К. N. Bahl may be written thus Pheretima Bahli. Trinomial nomen- 
clature is also adopted sometimes to include the name of subspecies 
or varicty, е. g. the common rock pigeon is named thus : Columba 
livia intermedia. ; 

2. Zoological nomenclature is independent of Botanic nomencla- 
ture. Zoologists and Botanists may use the same names, е:2.; Bougain- 
villea is a plant, and an animal (Cnidaria) too. However, this rule 
is discouraged. 

3. Scientfic name of animal must be either Latin or Latinized. - 

4. Generic name should be a single word, nominative and singu- 
lar in grammar. 7 

5. Specific name may be single ог compound, and grammatically 
an adjective. E.g. the Indian toad is named Bufo melanostictus, 
where the specific name is a compound word : melanin= black, 
stictus=tipped. This toad has black finger. tips. 


А. 8.—51 | as | 
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6. Scientific names of animals should be printed in italics. 

7. In scientific literature the name of the author of the species 
who first definitely published the name in the description of the 
animal, should also be indicated. E.g., Daud was the author of the 
Indian frog Rana tigrina, so in scientific literature this frog is men- 
tioned as Rana tigrina (Daud). Later on Swan and Leviton changed 
the spelling of the specific name after emphasizing the tiger-like 
camouflaging markings on its skin, since then this frog is written as 
Rana tigerina (Swan & Leviton 1962). 

8. The law of priority states that the first published name in 
connection with a genus, species or subspecies is the one recognized. 
All duplicate names are called synonyms and are subsequently rejec- 
ted. Synonyms are quite commonly claimed as original species, 
but such mistakes are only due to different approaches by ‘over- 
enthusiastic’ taxonomists. Often it is remarked, ‘Optical errors make 
new species. 

9. There are mistakes in assigning generic names. The law 
makes it obligatory to include the name of the first author. E.g., the 
common-cricket frog of North America was named Rana gryllus by 
Le Conte. Later on the generic name was changed to Acris, so now 
this frog is known as Acris gryllus (Le Conte). ; 

10. No two genera can have the same name. 

11. All prominent species and genera should be displayed in the 
museums of Natural History or Zoology. 

7 12. The name of a family is formed by adding idae to the gene- 
ric name. Thus frog belongs to the family Ranidae. 

The International Commission on Nonenclature has its head office 
in London and branch offices in U.S.A. and Switzerland. The members 
often meet to discuss names and other issues concerning taxonomy. 

. Once the species are determined they can be arranged in large 
groups that form the scheme of classification which is based on 
inherent characters of animals. 

Those species which are different from each other but have many 
common characters are placed in the same genus. The genera with 
some common characters are placed in a larger group known as 4 

family, the families with common characters constitute an order, 
and orders are in turn placed into larger groups called classes. 
Classes with some common characteristics of body construction: 
'though they may have different forms, are placed into a larger group 
called phylum; all the phyla are arranged into a whole comprehen- 
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sive Animal Kingdom "(Animalia) or Plant Kingdom (Phyta). Thus 
the systematic position of the common frog is as follows :— 


Kingdom : Animal Kingdom 
Phylum . Chordata 

Class Amphibia 

Order Anura 

Family Ranidae . 
Genus Rana 

Species tigerina 


In this way it would seem that classification is only a convenient 
filing system in which each animal is placed in a particular compart- 
ment according to its resemblances and differences with others and 
that it is an artificial system. But the modern system of classification 
considers all available data of structure, physiology, embryology, 
habits, distribution and other features; such a system is called natural 
classification. Foundations of natural classification of living things 
were laid by an American named Georges Cuvier (1769-1832) who, 
in presenting a system of classification, took into account not only 
structure but also. functions of various structures and the ancestral . 
history of the organism as evidenced by the related fossils. He was 
known as the ‘Dictator of Biology and, the founder of modern Com- 
parative. Zoology.’ Natural classification or New Systematics (new 
term introduced by Sir Julian Huxley in 1940) is based on the theory 
of evolution and it indicates the blood relationship of animals and their 
position in a gencological tree of the animal kingdom. The phyla are 
graded in order of increasing complexity of organization and they show 
such features which prove their descent from a common stock. х 

As early as 1866 Ernst Haeckel proposed a third kingdom, the 
Protista. In recent years this suggestion has been revived and some 
authors have adopted it. There is, however, no agreement as to 
which organisms should be placed in this kingdom. This is truc 
that protistans are microscopic organisms including blue green-algae, 
flagellates, bacteria, amoebae, ciliates, sporozoans and slime moulds. * 

Animal kingdom is divided into two subkingdoms ; 1. PROTO- 
ZOA, and 2. METAZOA. Protozoa are single-celled animals and 
do not have tissues. They are at protoplasmic level of organiza- 
tion. Metazoa, in contrast, are many-celled animals; their cells аге 
grouped into tissues and organs. 
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CLASSIFICATION OF ANIMAL. KINGDOM* 
1. Subkingdom and Phylum Protozoa (The first animals) 

Protozoa are generally microscopic animals whose bodies are not 
divided into cells, they are therefore called non-cellular or unicellular 
animals. Parts of their bodies may be specialized and are called orga- 
nelles, some Protozoa are very complex and some form colonies. They 
are generally aquatic, but some are found in damp earth, and many are 
parasitic living in fluids of the host. Their body shape and locomotor 
organelles are used as characters for classification of Protozoa. 
Phylum Protozoa is subdivided into 4 subphyla : Sarcomastigo- 
phora, Sporozoa, Cnidospora and Ciliophora. 

Subphylum Sarcomastigophora is characterized by having fla gella or 
pseudopodia as organs of locomotion and nuclei of one kind. They are 
further classified into 3 classes; Mastigophora, Opalinata and Sarcodina. 
Under each class there are several orders, which are not discussed here. 

Class (1) Mastigophora (Flagellata)—They are generally small in 
size, body is covered by a pellicle, organelles of locomotion in adult 


are flagella. Binary fission is longitudinal. They have several modes 
of nutrition, c.g., Euglena, 


5 ; FLAGELLUM 
Trypanosoma, Leishmania. —. cYTOSTOME 
Euglena—1t is a green cci 


flagellated, free living пега 
and microscopic animal 
moving on the surface of 
‘pond water. It is about CONTRACTILE 
0.1 mm. long, fusiform in 
shape and flattened like a 
leaf. An elastic pellicle 
covers the cell membrane. 
Posterior end is pointed. 
At the blunt anterior end 
there is a flask-shaped 
invagination. The base 
eof the flask is called a 
rescrvoir, its neck is the 
gullet or cytopharynx, and 
its small opening is the 


Qi 


Fig. 541 Euglena | 
LL zs on 
"*"The scheme of classification presented here is based UP 


;‚ 6tb 
General Zoology, by Storer, Usinger, Stebbins and Nybakkens 
Edn. Tata McGraw Hill Co., New Delhi. 1986. 
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cytostome. A contractile vacuole opens and discharges surplus water 
into the reservoir, thus the cytostome is not a mouth, but an exit for 
surplus water. From the base of the reservior arise two flagella, each 
one emerging from a basal granule. Whereas the smaller flagellum 
joins the longer flagellum within the reservoir, the longer flagellum 
passes out of the cytostome. The whiplike flagellum is an organ of 
locomotion. Euglena can also move slowly due to its elastic pellicle 
and contractile myofilaments beneath the pellicle. 

On one side of the reservior is a red eye-spot or stigma, which 
partly shields a real photoreceptor. Scattered in the cytoplasm are 
a number of green coloured bodies called chloroplasts. These contain 
chlorophyll with which euglena is able to synthesize its own food 
(paramylum) like the green algae. There isa single nucleus. Euglena 
reproduces by longitudinal binary fission and encystment. 

Class (2) Opalinata (Protociliata)—They have numerous cilia-like 
flagella in rows over the entire body surface, two or more similar 
nuclei are present, their syngamy has dissimilar gametes, thcy are all 
parasitic, e.g., Opalina. 

Class (3) Sarcodina (Rhizopoda)— Their organelles of locomotion 
are pseudopodia with which they also obtaiu food. They may be 
creeping, floating or sessile forms, most of them are free-living, e.g.; 
Amoeba, Entamoeba, Radiolaria, Globigerina. 

Subphylum 2. Sporozoa—Their adults have no organelles of loco- 
motion, but cilia or fiagella may be present in their gametes. Syngamy д 
takes place after which many spores are formed, spores have a resistant 
covering and they contain one to many sporozoites which are the infec- 
tive stage, nucleus is of the single type. They are all parasitic and 
incapable of active life outside their hosts. Subphylum Sporozoa 
comprises three classes: Class Telosporida, with elongate sporozoites, 
encysted spores withput polar capsules e.g. Monocytis found in the semi- 
nal vesicles of earthworms; Gregarina in the intestine of cockroaches 
and crickets; and Plasmodium (malarial parasite) in the blood of Man. 

Class 2. Toxoplasmea do not produce spores, e.g, Toxoplasma; and 
Class 3. Haplosporea, produce few spores in cysts e.g., Haplosporidium.~ 

Subphyium 3 Cnidospora—are a small group of spore-producers; 
their spores have 1-4 filaments e.g. Myxidium and Nosema. “he 

Subphylum 4. Ciliophora—They have cilia or compound ciliary 
organelles for locomotion. Nuclei are of two types, a micronucleus 
which is reproductive and a macronucleus which is trophic. Re- 
production is both asexual and sexual with often a fusion of nuclei 
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of two individuals. They generally have а cytostome, some have suck. | 
ing tentacles e.g., Paramecium, Balantidium, ‘Vorticella, Podophrya, 

All ciliophora are put under one class Ciliata. 


Subkingdom—METAZOA 


The Protozoa are single-celled or acellular ‘animals of small size 
in which the acellular body performs all the vital functions of life. 
Opposed to Protozoa are larger animals in which the body is composed 
of. many cells, these larger multicellular animals are called Metazea. 
Cells of Metazoa are dependent on each other and all of them are 
not similar because specialization has taken place. - Cell-specialization 
has led to formation of tissues and organs. Thus Metazoa are multicellu- 
lar animals which are distinguished not only by their large size, but bya 
high degree of specialization of their body parts. This is called morpho- 
logical differentiation which is accompanied by a physiological division of | 
labour among the mutually dependent parts of'an animal. This implies | 
that the parts of the body are specialized to perform definite functions — 1 
for the entire animal. Subkingdom Metazoa comprises three branches : 

Branch 1. Mesozoa—such matazoa have few digestive cells ОП 

‚ the outer surface; body is ciliated and worm like and parasitic 11 
cephalopods and other invertebrates; e.g. Dicyema. АШ 11050708 
belong to a single phylum Mesozoa. 

Branch 2. Parazoa—have many digestive cells internally but do 
not have a digestive cavity. There is one phylum under this branch— 
The Porifera. - ; i 

“ Branch 3. Enterozoa—have a definite digestive cavity. Bntero70® 
are put into a number of phyla. 


2. Phylum Porifera (The pore-bearers) ; 

Porifera are diploblastic, acoelomate Metazoa, they are all 290805 

most of them are marine, except members of family Sponsi as 
which are found in fresh water. Sponges are sessile, plant-like 


d 
of a low grade of organization. ‘Their cells do not form филе iy 


act more or less independently. Body functions агер о ad 


„celis, the cells show a differentiation into epithelial, 2208 a 
glandular cells, but they do not form Даша m there are 20 Ce Se | 
Sponges are perforated by many pores, and the body cavity meso” 4 
a singlé spongocoel or it may consist of many channels. . In the or of 

gloca 18 $n endoskeleton of calcareous or siliceous spicules, 008% 
spongin fibres, or of siliceous spicules and spongin fibres: r goes 
are classified on the kind of skeleton and on the type of pody PERE 
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Section—Acoelomata 
no coelom 


1. Phylum Platyhelminthes, 
the flatworms 


1—class 1. TURBELLARIA 
free-living or ectoparasitic ` 
Dugesia 


—class 2. TREMATODA M 
the flukes, parasitic 
Fasciola 


—class 3. CESTOIDEA 


the tapeworms, parasitic - 
Taenia 


2. Phylum Gnathostomulida 


unimportant 
worm-like, with jaws, ciliated | « "ШУ ata 
3. Phylum Nemertinea ¢ groups 
ribbon-like worms ciliated 4 


Div. 2. BILATERIA 
| ; 


Section— Pseudocoelomata 
` with false coelom 


1. Phylum—Entoprocta 
mouth and anus on the 
same side, Urnatella 


Heo Phylum—Aschelminthes: 


mouth and anus at : 
. opposite ends 


—class 1. NEMATODA 
sews the roundworms, Ascaris: 


—class 2. ROTIFERA 
wheel-ànimalcules, Hydatina 


[—class 3. GASTROTRICHA 
flat, wormlike, bristled 
Chaetonotus 


—class 4. ACANTHOCEPHALA 
spiny-headed worms  : 
Echinorhynchus 


—class 5. KINORHYNCHIA 
cylindrical, with spines 
Echinodera 


j—class 6. NEMATOMORPHA 
hair worm, Gordia 


Aaa 
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Section—Eucoelomata ` 
with true coelom _ 
=: БЕШЕ ӘБЕС БШЕЕЕЕЈ | 
Мајог tas $ 
Phyla 1. Annelida—segmented worms : leeches! tube worms, 
Nereis, Pheretima, Hirudinaria. 


.2. Mollusca—soft bodied, protected  byshell : snails, 
bivalves, squids, octopuses. Pila. 


UPC DEUM MU. 


3. Arthropoda —joint-legged, segmented animals : lobsters, 
; prawns, insects, scorpions, spiders, milli- 
pedes. Palaemon. 


3t 


4.. Echinodermata—spiny-skinned marine animals: sti _ 
fishes, sea lilies, sea urchins. Pentaceros. 


5. Chordata—animals with notochord at some stage in lif 
Some without backbones, majority with back- 
bones. Fishes, frogs, lizards, birds and шап. 
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Subkingdom PROTOZOA ^ 
(Single-celled, microscopic) 


Phylum Protozoa 
«(Solitary cells or colonies 
of cells, no tissues) 
—Cclass 1. 


Sarcomastigophora ——»|—class 2. 
(Flagella, pseudopodia 
for locomotion) 


SOME l. 


—class 3. 


Subphylum 2. Sporozoa 


(spore formers) ——5—class 1. 


(only myonemes for 
movement.) 
| —class 2. 
—class 3. 
Subphylum 3. Cnidospora as 
Ў | (Spores with filaments) T class 1. 
| —class 2. 
Subphylum 4. Ciliophora sy 
р (with cilia) class 1. 


MASTIGOPHORA 
(FLAGELLATA) 
Euglena 


OPALINATA 
(Protociliata) 
Opalina 


SARCODINA 
(Rhizopoda) 
Amoeba 


TELOSPORIDA 
Monocystis 


TOXOPLASMEA 
Toxoplasma 


HAPLOSPOREA 
Haplosporidium 


MYXOSPORIDEA 
Myxidium 
MICROSPORIDEA 
Nosema 


CILIATA 
Paramoecium 
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Branch (A) MESOZOA 
(ciliated, digestive cells 
external and few) 


Phylum Mesozoa 
(worm-like, parasitic) 
Dicyema 


| 
class І. CALCAREA 
(with calcareous spicules) 
Sycon 


class 2. HEXACTINELLIDA 
(with siliceous spicules) 
Euplectella 


class 3. DEMOSPONGIAE 
(siliceous spicules or 
spongin) 
Euspongia 


class 4. SCLEROSPONGIAE 
(sponges with calcareous 
skeletons) 
Merlia 


a 


Subkingdom METAZOA 
many-celled, micros- 
copic to large size 


(B) PARAZOA (С) ENTEROZQA 
digestive cells many, internal, digestive cells inter- 
no digestive cavity nal, digestive cavity 

| present { 
Phylum Porifera i 
* pore-bearers, sponges i 
Serie EL 
RAD БЕЙ 
Division 1. IATA 2. BILA 
i i bilaterally . 
radially symmetrical ша! 
EE Sour 


| | | HORA 
Phylum CNIDARIA Phylum CTENOP. 
vith nematocysts without nematocysts 


П Cestum 
--class 1. HYDROZOA 
polyps, Hydra 


2. SCYPHOZOA 
poe dares 
Aurelia 


—class 3. ANTHOZOA 
sea anemones and 
corals 
Metridium, Astrea 


See Next Page 
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forming a canal system. About 5,000 species of sponges are known. 
Phylum Porifera is divided into four classes. 


Class 1. Calcispongiae (Calcarea)—they have a skeleton of separate - ES 


calcareous spicules which are monaxon or triradiate. The canal systems 


are of various types. They are generally below 15 cm in size. 


Order (a) Asconosa (Homocoela). The body wall is thin and not 
folded, spongocoel is lined with choanocytes, e.g., Leucosolenia. 
Order (b) Syconosa (Heterocoela). Body wall is thick and folded 


to form incurrent, radial, and excurrent canals. Choanocytes line j 
radial canals only, spongocoel is lined by flat endoderm cells, e.g. - 


Sycon ( — Scypha). 


Fig. 542 A—Sycon B—Euspongia (bath sponge). 


Class 2. Hyalospongiae (Hexactinelli 1 
six-rayed siliceous spicules which may be fused. Surface pinacocytes 
are absent. Choanocytes line small finger-shaped chambers. They 
are called glass sponges and are found in deep tropical seas, €.g» 
Euplectella (Venus' flower basket) of the Sea of Japan. ; 

Class 3. Demospongiae. Body shape is irregular, skeleton 1s made 


of spongin fibres only, or of spongin fibres and siliceous spicules, or there 
may be no skeleton. Spicules are of small 


or large size with one or 

four axes, €.g-; Spongilla (freshwater sponge); Euspongia (bath sponge). 

Class 4 : Sclerospongiae (the coralline sponges). These sporges 

have a thick skeleton of calcium carbonate crystals on an organic fibre 

network. Spicules are siliceous. Average size is 1 mm in diameter. 

They are found in deep seas e.g. Merlia and Ceratoporella. i 
Enterozoans are sectioned into two divisions : Radiata (with radi 


symmetry) and Bilateria (with bilateral symmetry). 


oN es 


da). Skeleton is made of 
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Division Radiata comprises two phyla—Phylum Cnidaria (with 
stinging capsules) and Phylum Ctenophora (without stinging capsules). 
3. Phylum Cnidaria (Animals with nematocysts) 

Cnidaria are diploblastic animals and the two germ layers, 
ectoderm and endoderm, secrete mesogloea which may be a structure- 
less jelly or it may be traversed by branching fibres and have some 
amoeboid wandering cells. The digestive cavity and the body cavity 
are the same space called the gastrovascular cavity or coelenteron. 
The cavity is lined with endoderm and it is digestive and circulatory. 
It has only one opening, the mouth, through which both ingestion and | 
egestion occur. In higher forms the ectoderm forms a stomodaeum 
which is absent in lower forms. They possess tentacles and are 
characterized by the presence of nematocysts which are organs of 
defence and offence. Their cells form definite tissues but their 
organization is low. They show radial symmetry. They may have 
an exoskeleton and also an endoskeleton. Cnidaria are both solitary 
or colonial, but they have two basic forms, the polyps and medusae. 
The polyp is sessile, cylindrical, with a mouth surrounded by tentacles. 
The medusa is freely swimming, gelatinous, bell-shaped or saucer- 

shaped with tentacles on the margin. 

Class 1. Hydrozoa—They have both polyps and medusae during 
the life-history, in which an asexual polyp alternates with a sexual 
medusa, this is known as metagenesis in Cnidaria. Mesogloea has 
no cells; there is no stomodaeum. Sex cells are ectodermal and are 
discharged externally. Medusa has a muscular velum. 

Order (A) Hydrida—They are solitary polyps with no perisarc, 
they have hollow tentacles, there is no medusa, e.g., Hydra. 

Order (B) Leptomedusae—Polyps have an exoskeleton of perisarc, 
medusa is saucer-shaped with gonads on radial canals, e.g., Obelia(sea fir). 

Order (C) Siphonophora have free swimming colonies showing: 
extreme polymorphism with several types of polyps and medusae, ©.g:, 
Physalia (Portuguese man-of-war). 

Physalia is a freely floating marine, colonial and polymorphic form. 
The colony consists of a large number of individuals or zooids specia- 
lized into kind : (i) Pneumatophore, the gasfilled float or bladder. 
Gas is secreted by the gas-glands inside. Amount of gas is controlled 
by an aperture or pore at one end of the float. By regulating the gas, 
Physalia can stay at any desired depth inttesea. All other zooids arise 
from the bottom of the float. (ii) Gastrozooids, these are numerous 
bydra like polyps with mouths and stomachs, they provide nourishment 
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PNEUMATOPHORE for the entire colony. 
(iii) Dactylozooids 
are modified polyps 
having long tentacles 
armed with nemato- 
cysts, but have no 
mouths. They seize 
the prey and attack 
the enemies. (iv) Bla- 
stostyles are the 
reproductive 700105 
producing sexual 
medusae. Physalia 
is found in the tropi- 
cal seas. 
Class 2. Scyphozoa 
are true jelly fishes 
Fig. 543 Physalia. and are large-sized. 
Medusa has no velum, it has endodermal gastric tentacles and 
endodermal gonads which discharge internally. There is no stomo- 
daeum and they have complex sense organs called ‘tentaculocysts. 
The medusa is the dominant form, the polyp, if present, is subordinate 
e.g., Aurelia (Fig. 539), Rhizostoma (jelly fishes). : 
Class 3. Anthozoa include sea-anemones and corals, they have 
only polyps, there is no medusa. The polyp has a asians They 
may be solitary or colonial and all are marine. Gastrovascular cavity 
is divided into compartments by vertical mesenterics. Nematocysts 
. GONAD 
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MEOUSAE 


DOACTYLOZOOID 


Fig. 544 Aurelia (jelly fish). 
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are complex and found on body, tentacles and mesenteries. Meso- 
gloea is well developed with fibres and amoebocytes. Gonads are 
endodermal and sex cells are discharged internally. Many form 
skeleton which is chitinous or calcareous. ` : 

Order (A) Octoradiata or Alcyonaria—The polyps have eight 
tentacles and mesenteries, the tentacles are pinnate, e.g., Gorgonia 
(sea fan), Pennatula (sea pen). 

Order (B) Hexaradiata or Zoantharia—Méesenteries are in six or 
multiples of six, there are numerous simple tentacles, e.g., Metridium 
(sea anemone), Stony corals. 
` 4. Phylum Ctenophora comprising the 
comb-jellies have much mesogloea, spe- 
cial comb plates for locomotion, no 
nematocysts; digestive cavity with bran- . 
ched canals, no anus, all marine; e.g. 
Beroe, Pleurobranchia. . 

Division B. Bilateria 

These are basically bilaterally symme- 
trical metazoa with organ systems, triplo- 
blastic, with some form of body cavity or 
the spaces between organs and body wall 

packed up with a connective tissue. This Fig. 545 Metridium. 
division accordingly is divided into 3 sec- (sea anemone). 
tions : Acoela (no body cavity), Pseudocoelomata (with false coelomic 
cavity) and Eucoelomata (with real coelom). 
@ Section Acoela has one big phylum Platyhelminthes and two 
‘small phyla. Gnathostomulida and Nemertinea (ribbon worms). 

5. Phylum Platyhelminthes (Flatworms) 

Platyhelminthes are bilaterally symmetrical and dorso-ventrally 
‘compressed flatworms. They are triploblastic acoelomate Metazoa. 
The mesoderm forms reproductive organs, muscles, and a kind of 


connective tissue called parenchyma which fills the body spaces 
beween ectoderm and endoderm. 


| . Excretory system has characteristic 
flame cells. There is no anus, circulatory and respiratory systems are 
Jacking. They generally have complex hermaphrodite reproductive 
organs. They are both free living and parasitic, 

Class 1. Turbellaria are free living fresh water and marine ciliated 
‘flatworms, They have a ventral mouth and there are no suckers. 
There is a cellular epidermis containing rod like rhabdites which form 
-a slimy substance, e.g., Dugesia (planaria of fresh water ponds). 
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Class 2. Monogenoidea (Heterocotylea) are ectoparasites with one 
aquatic host, development is direct, they have a large posterior sucker 
called acetabulum having hooks and suckers, oral sucker is generally 
absent, uterus generally has a single egg. The cilia are replaced .by 
a living cuticle secreted by the epidermis, e.g., Polystomum of frog and 
toads, and Diplozoon of fish.  . 

Class 3. Cestoda are endoparasitic tapeworms generdlly found 
in the digestive tracts of vertebrates, they are greatly modified. 
They- have no cilia and body is covered by tegument. There is a scolex 


2---2 


MMON GENITAL 
OPENING 


OPENING FOR THE 
PROBOSCIS 


MOUTH 
COMMON GENITAL 
OPENING 


VAGINAL PORE 


ACETABULUM 


Fig. 546 A—Planaria, B—Polystomum. 

with suckers and hooks and a compressed ribbon-like body generally 
divided into proglottides, each containing one or two complete sets 
of hermaphrodite scx organs. They have hooked embryos and one or 
more intermediate hosts which may be vertebrates or invertebrates. 
Order (a) Taenioidea (Cyclophyllidea)—Scolex has four cup- 
shaped suckers and often a rostellum; there is a Single yolk gland, 
uterus has no pore, genital pores lateral, parasitic in vertebrates 
(birds and mammals), e.g., Taenia, Echinococcus, Dipylidium. - E 

Order (b) Pseudophyllidea—Scolex with one or two suckers in 


* 


3 * 
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grooves, proglottides similar, uterus has a pore, genital pores mid- 
ventral, e.g., Dibothriocephalus. 

Class 4. Trematoda or Digeneoidea (Malacocotylea) are endo- 
parasitic flatworms having generally two or more hosts, development 
is complex including two or more types of larval stages. A cellular 
epidermis is replaced by a living tegument. They have two suckers 
without hooks, uterus has many eggs. They are parasites of both 
vertebrates and invertebrates, e.g., Fasciola of sheep and cattle, 
Schistosomum and Clonorchis of man. 

Section Pseudocoelometa is an assemblage of one major and two 
minor phyla. Aschelminthes, the major phylum itself comprises 
several classes of small worms and organisms, the chief of which are 
under the class Nematoda. 

6. Phylum Aschelminthes—Class Nematoda (Roundworms) 

Nematoda are commonly called round or wire worms. They are 
free living in water and the soil, many are parasitic in plants and 
animals. They are bilaterally symmetrical, acoelomate Metazoa. 
Head is well formed and the body is cylindrical and covered with 
elastic cuticle which undergoes moulting only during the period of 

growth. Epidermis is thin but forms four longitudinal chords. 
Muscles are only longitudinal and confined mostly to the body 
wall where they are divided into four sections. There are no cilia. 
Circulatory and respiratory systems are absent. Body cavity is a 


pseudocoel. Sexes are generally separate with distinct sexual dimor- 


phism. Nematoda has several orders. 

Order 1. Oxyuroidea are small to medium-sized transparent worms 
of fusiform shape. Pharynx has a conspicuous end bulb. Females 
have long pointed tails, males have one or two spicules or a cuticular 
bursa. Excretory system is of H-type, e. g., Enterobius (pinworm). 

Order 2. Ascaroidea have large stout nematodes parasitic in 
intestine of vertebrates. Mouth has three prominent lips with 
double papillae, 2 lateral (cervical) papillae and 2 amphids. Pharyn* 
is muscular with or without a simple end bulb, buccal capsule is 
absent. Tail of female is blunt, but sharply curved in male with two 
equal spicules. Excretory system is of H-type, with anterior bran- 
ches reduced, e.g., Ascaris (roundworm). 

Order 3. Strongyloidea. Mouth with no lips but with large 
cuticular buccal capsule. They are parasitic in the intestine 0! 
mostly mammals. Muscular pharynx has no end bulb. Excretory 
system is H-shaped. Females have muscular ovijectors and the males 
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have a conspicuous copulatory bursa supported by 13 muscular rays. 
e.g., Ancylostoma, Necator (hookworms). 


Order 4. Dracunculoidea are parasitic in membranes, connec-. 
tive tissue or coelom of vertebrates, they are filiform, without definite 
lips but with 2 circlets of papillae. Pharynx has a broad posterior 
glandular portion. In adult females the alimentary canal and vulva 
atrophy, they are viviparous, the embryos emerge by bursting of 
uterus. Males are much smaller than females, they have two equal 
filiform spicules, e.g., Dracunculus (guinea worm). 

Order 5. Filarioldea are delicate slender worms, the males are 
much smaller than females, mouth without lips. Pharynx with an 
anterior muscular and posterior glandular portion. Females have 
anterior vulva near pharynx. They are oviparous or viviparous. 
Males have coiled tails with unequal spicules. They have a blood- 
sucking insect as intermediate host, e.g., Wuchereria (filaria worm). 

Order 6. Trichuroidea. The anterior part of the body is gene- 
raly more slender than the posterior part. The anterior part con- 
tains a slender, non-muscular pharynx embedded in glandular cells. 
Female has one ovary, males with one spicule or none. They are 
parasitic in alimentary canals of mostly birds and mammals, e.g., 
Trichurus (whip worm). 

Section Eucoelomata comprises a number of major anda few 
minor phyla. Only major phyla are described here. 

7. Phylum Annelida (Segmented Coelomate worms) 

Annelida have their elongated bodies segmented externally, by 
rings and internally by septa. Body is covered with a cuticle which 
may have chitinous setae. There is a single pre-oral segment called 
prostomium. Coelom is well developed and is generally perivisceral. 
Circulatory system is of the closed type. Organs of excretion are 
metamerically repeated nephridia which are ectodermal. Muscular 
System is well developed. Nervous system and receptors are well formed. 

Class 1. Polychaeta are marine, usually with a distinct head 
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which bears a number of appendages, body is segmented from which 
arise outgrowths of the body wall called parapodia, numerous setae 
are borne in groups on parapodia. They are dioecious with many 
simple gonads which are metamerically repeated, but the gonads are — 
present only during breeding season, fertilization is external. A 
clitellum is never present. They show metamorphosis with a free- 
swimming trochosphere larva, e.g., Nereis (Neanthes), Aphrodite 
(sea mouse), Chaetopterus, Arenicola (lug worm). 

Class 2. Oligochacta are terrestrial and fresh water forms, dis- 
tinct head is not present, but there is a prostomium usually without 
appendages. Body segmented but with no parapodia and with a few 
setae which are not in groups. They are always hermaphrodite with 
only one or two pairs of gonads in fixed segments of the anterior region, 
testes being always anterior to ovaries. A clitellum is present at least 
during sexual maturity, cross-fertilization occurs and eggs are laid in 
a cocoon formed by the clitellum, development is direct without a 
larval stage. Oligochaeta include earthworms and their allies, c.g., 
Pheretima, Eutyphoeus, Lumbricus, Tubifex, Dero. 

Class 3. irudi 
are E nadie SEGMENTS & ANNUL: ANTERIORE 
of segments is fixed, but 
segments have secondary 
rings or annuli They 
have suckers at the two 
ends of the body, para- 
podia and setae are 
absent. Perivisceral co- 
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POSTERIOR SUCKER 

Fig. 548  Hirudinaria (Cattle leech) 
elom is obliterated by botryoidal tissue and coelom is reduced to lon- * 
gitudinal channels. They are hermaphrodite with numerous testes 
but only one pair of ovaries. Eggs are laid in cocoons secreted by 4 
clitellum. Development is direct without a larva. They include the 
leeches, e.g. Hirudinaria (cattle leech), Haemadipsa (land leech of 
hills of U. P.), Branchellion (on marine fish). 


"Class 4. Archiannelida are small marine worms, with no para- 


podia and often without setae, skin is ciliated and external segmenta- 
tion is lost, e.g., Polygordius. = 


8. Phylum Arthropoda (arthros=joint; podos =foot— 
Joint-footed animals) 
Arthropoda are bilaterally symmetrical segmented animals. They 
have a cuticular exoskeleton which undergoes periodic moulting 
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The best known confponent of cuticle is chitin, a nitrogenous 


‘polysaccharide (C,H,30;N); that is insoluble in water, alcohols, dilute 


acids, potassium hydroxide and digestive juices of many animals. 
Protein associated with chitin increases the hardness of cuticle. Some - 
or all segments bear paired, jointed appendages. Muscles are mostly 
striped and they do not form continuous layers; generally there 
are no cilia. Coelom is much reduced and the perivisceral cavity 
is a haemocoele. True nephridia are absent. Circulatory system is 
open type. Gonads are continuous with their ducts. Arthropoda is 
the largest phylum of the animal kingdom; its members have invaded 
marine, fresh water, terrestrial, aerial and parasitic environments. 

Phylum Arthropoda is divided into four subphyla : Onychophora, 
Trilobita (all extinct), Mandibulata and subphylum Chelicerata. 
Members of subphylum Onychophora are elongate, without a head 
but anterior end with paired feelers, body is unsegmented and there 
are 15-44 paired unjointed legs. They live on land. Example : Peri- 
patus. Arthropods of the subphylum Trilobita lived in the sea; they 
were segmented and had paired legs. They lived about three million 
years ago. There is no living representative. 

Subphylum I. Mandibulata have antennae, mandibles, and maxillae 


as head appendages, the mandibles are important jaw-like feeding 


organs, eyes are typically compound. They are divided. into four 
classes: (1) Crustacea, (2) Chilopoda, (3) Diplopoda, and (4) Insecta. 
Class 1. Crustacea (crusta=hard shell) are mostly aquatic, 
breathing by means of gills which are hollow offshoots of the thoracic 
wall or appendages. The head has two pairs of antennae, one pair 
of mandibles and a pair of compound eyes. Body is covered with a 
chitinous cuticle forming 
an exoskeleton which may 
be calcified. From the 
cuticle arise hollow 
bristles. The alimentary 
canal has long stomo-. 
daeum lined with chitin. 
There is a contractile 
. heart enclosed in a peri- 
cardial sinus. Excretory 
organs are either anten- 
nary glands opening om 
antennae or shell glands opening on second maxillae. Muscles are mos- 
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tly striped and there are no cilia. Sexes are separate showing dimor- 
phism, sperms are amoeboid or flagellate, eggs are generally centro- 
lecithal, e.g., Cyclops (water flea), Cancer (crab), Oniscus (wood 
louse), Macrobrachium=Palaemon, (prawn). ` 
Class 2. Chilopoda—The body is divided into a head and a trunk 
and is flattened dorso-ventrally. Head bears one pair of antennae 
and three pairs of jaws. Trunk has many segments, the first segment 
has a pair of poison jaws, the other segments have one pair of legs 
each, the last two segments have no appendages. Paired spiracles are 
fewer than the number of segments, they lead into anastomosing 
tracheae. Gonads are dorsal to the intestine. They are nocturnal 
and carnivorous, e.g., Scolopendra (centipede). 


AD 
TRUNK POISON JAW ME 


Fig. 550 A—Centipcde. B—Millipedc. 

Class 3. Diplopoda—The body is divided into head, thorax, and 
abdomen and is cylindrical. Head bears paired antennae, mandibles, 
and maxillae, Next four segments form a thorax, the first segment 
has no appendages, the remaining three segments bear @ pair of legs 
and a pair of spiracles in cach. The abdomen has double segments, 
each formed by the fusion of two segments, each bears two pairs 0 

| legs and two pairs of spiracles having unbranched tracheae. Gon? 
lie, [ск the intestine. They are herbivorous, e.g». TAY” oglutus 

Chilopoda and Diplopoda together are often called Myriapod?- 

Class 4. Insecta (incised—cut into) have three distinct regions, * 
head, thorax and abdomen. The head bears one pair of anten?" 

-one pair of mandibles and two pairs of maxillae. Thorax has three 
pairs of walking legs and one or two pairs of wings in most ; abdomen 
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has no appendages. They are mostly terrestrial or aerial and breathe 
by means of trachea. Today we know about more than 9,00,000 
species of insects. 

Division A. Exopterygota (Heterometabola)—They possess wings 
which develop externally from the skin, metamorphosis is simple and 
incomplete, the young one is a nymph resembling the adult. 

Order (a) Dictyoptera—Mouth parts are of the generalized type for 
biting, anterior pair of wings is harder and narrower than the 
posterior pair which is membranous, cerci are many-jointed, 
tarsi are five-jointed, styles are present in adult males only. 
Ovipositor is small or absent, eggs are laid in an ootheca. The 
order includes cockroaches and mantids, e.g., Periplaneta, 
Blatta (cockroach), Mantis (praying mantis). 

Order (б) Crthoptera—Mouth parts are of the biting type, anterior 
pair of wings are leathery tegmina whichfoverlapgeach other, 
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Fig. 531 Schistocerca (locust). 
posterior pair is soft, pronotum is large and covers pleural 
wall, Cerci are unjointed, ovipositor is well developed. Special 
sound-producing (stridulatory) organs are present. The 
order includes locusts and grasshoppers, €.£. Schistocerca 
(locust), Poecilocerus (grasshopper). 
Order (c) Isoptera are social and polymorphic insects forming com- 
munities of winged and wingless individuals, they have biting 
mouth parts, e.g., Termites (white ants). A 
Order (d) Hemiptera—Mouth parts form a jointed suctorial rostrum 
having piercing mandibles, prothorax free from other thoracic 
segments, ¢.g., Cimex (bed-bug), Tachardia (lac insect). à 
Division B. Endopterygota (Holometabola)—They possess wings 
which develop from inside from imaginal buds, metamorphosis 1s 
complete, the young one is a larva which does not resemble the adult.. _ 
A.B.—-52 
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Order (a) Lepidoptera—They have two pairs of well-developed 
wings covered with scales; maxillae form’an elongated sucking 
tube which can be rolled up spirally, other mouth parts are 
rudimentary. Prothorax fused with mesothorax. Larvae are 
caterpillars with 3 pairs of thoracic legs and 5 pairs of 
abdominal feet, e.g., Papilio (butterfly), Bombyx (silk worm). 

Order (b) Coleoptera—Anterior wings form herd horny elytra 
which cover the body and posterior 
wings. Prothorax movable on other 
segments, jaws are strong for biting 
and chewing. Larvae are caterpillar- 
like with legs, or maggot-like without 
legs, e.g., Tribolium (grain beetle). 

Order (c) Hymenoptera—They have 2 pairs 

of membranous wings. Mouth parts 
for biting and licking. Prothorax 
fused with thoracic segments, larvae 
are mostly legless maggots, e.g., Apis 
(bee), Vespa (wasp), Formica (ant). 
Order (d) Diptera—First pair of wings well 
developed; the second pair reduced to Fig. 552 Tribolium 
halteres; mouth parts for piercing (grain beetle). 
or sucking. Prothorax fused with thoracic segments, larvae 
are legless maggots, e.g., Culex and Anopheles (mosquitoes), 

Musca (house-fly), Stomoxys (stable-fly), Glossina (tsetse-fly). 

Subphylum II. Chelicerata have no antennae, they bear a pair 
of preoral appendages known as chelicerae, one pair of postoral 
pedipalpi and four pairs of legs, but do not have compound eyes. 
The body is divided into a prosoma (cephalothorax) and an opistho- 
soma (abdomen). They are put into two classes. 

Class 1. Merostomata or Xiphosurida are aquatic and have 5 ОГ 6 
pairs of abdominal appendages modified as gills, at the end of the 
abdomen is a long pointed telson, e.g., Xiphosura (king crab). 

Class 2. Arachnida—Head and thorax fused to form a cephalo- 
thorax or prosoma which bears simple eyes, jointed and chelate cheli- 
cerae and pedipalpi. They have no antennae, there are four pairs 0 
walking iegs. Organs of respiration are lung-books, gill-books, 01 
tracheae. Sexes are separate and development is direct without 


metamorphosis, e.g., Buthus & Palamnaeus (scorpions), Lycosa (spider), 
Ixodes (tick). 
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Fig. 553 Palamnaeus (scorpion) 
Шыр 9. Phylum Mollusca (Soft-bodied animals) 

{Phylum Mollusca is more numerous in species than any other, 
except Arthropoda. They are exceedingly varied in form and struc- 
ture; they have great differences in the various members of the phylum. 
They are mostly marine, some are found in fresh water and some are 
terrestrial. They show bilateral symmetry which may be lost by 
secondary coiling and torsion in some. They have soft unsegmented 
bodies, generally with an anterior head, ventral muscular foot modified 
for crawling, burrowing, or swimming and a dorsal visceral mass. The 
body is enclosed in a fleshy mantle which secretes a shell of CaCO;, 
in some the shell is internal or lost. Digestive tract is U-shaped or 
coiled, mouth often has a rasp-like radula bearing transverse rows of 
chitinous teeth; the anus opens below the mantle. There is a dorsal 
heart with a ventricle and 1 or 2 auricles. Respiration is by gills called 
ctenidia, or by a ‘lung’, or by mantle. Excretion is by 1, 2 or 4 
kidneys. The coelom is reduced to a pericardial cavity and the 
cavities of kidney and gonads. Nervous system typically with 3 pairs 
of ganglia, cerebral ganglion above mouth, pedal ganglion in foot, and 
visceral ganglion in body; ganglia are joined by longitudinal connectives 
and transverse commissures. Receptors are developed. Sexes usually 
separate; reproduction is only sexual. SE 
А modified trochophore larva called ANTLE. £239 
veliger is common. There are seven =f 
classes in the phylum. Classes Mono- 
placophora (marine e.g. Neopilina) and 
Aplacophora (wormlike, marine e.g. 
Chaetoderma) are not of much impor- 
tance. 

Class 1. Polyplacophora (Loricata)— 
Body is elongate and bilaterally symme- Fig. 554 Chiton. 
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trical, the mouth and anus are at opposite ends of the body. Generally 
there is a shell on dorsal side formed by 8 plates. The flattened foot 
is ventral, and gills are in a groove around the foot, all are marine. 
They are found clinging or creeping on rocks, e.g., Chiton. 

Class 2. Scaphopoda—Shell and mantle are slender, tubular, slightly 
curved, and open at both ends, foot is reduced and conical for burro- 
wing, delicate ten- 


MAS. tacles around the 
: MOOR mouth, there are no ' 

i gills, all are marine, 

"Y HEAD e.g., Dentalium (tusk 

2 shell). 
7 4M RESPIRATORY Class 3. Gastro- 
Д SIPHON poda—Head is dis- 
aN tinct with eyes and — 

m ; tentacles, large flat 

OPERCULUM foot is ventral. 

Visceral mass is 

^h dorsal and is usually 


asymmetrical in а 
spirally coiled shell, 
Fig. 555 Pila. in some the shell 1s 
reduced or absent, mouth has a file like radula for rasping food, anus 
is anterior, kidney single, one gonad, one or two ctenidia. They are 
‘marine, fresh water, or 
terrestrial, e.g., Cypraca ege ee INHAUANT 
(cowrie), Pila (snail), z 
Limax (slug) Patella 
(limpet). 

Class 4. Pelecypoda 
or Lamellibranchiata— 
Shell has two lateral 
valves with bilateral 
‘symmetry, shell valves 
are joined dorsally by 
a ligament. Posterior 
margins of the mantle 
form an inhalant and 
an exhalant siphon to i 
control flow of water Fig. 556 Lamellidens (mussel): 


TENTACLES 
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in and out of the maptle cavity, which has one plate-like ctenidium 
ARMS 


(gill) on each side. There 
is no head, mouth has labial 
palps; antero-ventral foot is 
wedge-shaped. Cerebral and 
pleural ganglia are fused on 
each side. Mostly marine, 
some in fresh water. Many 
oysters, clams, and mussels 
are used as food; clams and 
oysters produce pearls; 
buttons are made from shells 
of fresh water forms, e.g. 
Lamellidens & Unio (mussels), 
Ostrea (oyster), Solen (razor 
clam); Teredo (shipworm). 
Class 5. Cephalopoda— 
They have a large head with 
big complex eyes, mouth has 
horny jaws and radula. Foot 
is attached to the head and 
it forms 8 to 10 arms with 
suckers or lobes with many 
tentacles, the remainder of 
the foot forms a siphon for 
expelling water from a large 
mantle cavity. On the head 
is a pair of vertebrate-like 
eyes. The body is bilaterally 


Fig. 557. Sepia (cuttle fish). 


symmetrical. Mouth has a radula, chitinous jaws form a powerful beak. 
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Fig. 558 Octopus (devil fish). 
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The shell may be internal, external or absent. There is a cartilaginous 
internal skeleton which protects the brain, and Inuscles are attached to 
it. There is an ink gland opening into the rectum, it can eject ink into 
water for protection. Ctenidia and kidneys are 2 or 4 in number, e.g., 
Sepia (cuttle fish), Loligo (squid), Octopus (devil fish), Nautilus. 


10. Phylum Echinodermata (Spiny-skinned animals) 


Echinodermata are all marine living on the seashore and sea bot- 
tom. The larva is bilaterally symmetrical but the adults show radial 
symmetry, usually with five parts. They are without a head, and no 
segmentation. They have a calcareous, mesodermal endoskeleton of 
ossicles which may form fixed or movable external spines. There is a large 
ciliated coelom which forms several intricate systems more or less sepa- 
rate from each other and performing different functions. One of the 
coelomic systems forms a water vascular system which is pushed 
out into a series of delicate tube feet for locomotion, another part 
forms a large perivisceral coelom; a third forms perihaemal spaces in 
the body wall, and the fourth forms cavities from the walls of which 
gonads develop. The coelom has a coelomic fluid containing free 
amoebocytes. Respiration is by minute gills projecting outside from 
the coelom, the tube feet also assist in respiration. There are no de- 
finite excretory or blood vascular systems. Nervous system is а 
cricumoral ring from which radial nerves arise, and in addition, in 
many Echinoderms, is a deeper nervous system which is motor in 
function, it lies in the mesoderm, it is joined to the radial nerves. 
Echinodermata have great powers of regenerating lost parts. They 
are all free living, there being no parasites. Sexes are generally 
separate with a small larva, some species are viviparous. 

Subphylum A—Eleutherozoa. They are free-living with no stalk, 
their anus is aboral, ambulacral system is for locomotion. 

Class 1. Asteroidea are starfishes. The body is flattened and star- 
shaped, with a central disc having generally five radiating arms, the 
starfishes have a lower oral surface and an upper aboral surface. о 
curface has mouth, and ambulacral grooves along the undersur- face 
of arms, the grooves have 2 to 4 rows of retractile tube feet having 
suckers Бу which they can adhere to the substratum; the tube feet are 
organs of locomotion, but starfishes can also move by their arms: 
The aboral surface has an anus and а madreporite. There is 9? 
endoskeleton of calcareous ossicles, and externally there are spines. ОЛ 
both surfaces, between the spines are minute gills for respiration. on 
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both surfaces are pegi- 
cellariae. Starfishes are 
carnivorous and feed 
chiefly on molluscs, 
Pentaceros and Asterias 
are common starfishes. 

Class 2. Ophiuro- 
idea are brittle stars. 
The body is flattened 
witb a small round disc 
and five clearly demar- 
cated slender arms 
which are jointed and 
flexible, they have no 


ambulacral grooves, but ze 
have two rows of tube TENTACLE 
feet, they are sensory Fig. 559 Starfish (oral view). 


but not locomotory, they assist in feeding by conveying food to the 
mouth. Locomotion is by snake- like movements of the arms. The 
body has lower oral and upper aboral surfaces; the mouth and madre- 
porite are on the oral surface, there is no anus and pedicellariae are 
absent. Endoskeleton of ossicles and spines is present, e.g., Ophiothrix 
(brittle star), Gorgonocephalus (basket star). 

Class З. Echinoidea are sea urchins and sand dollars. The body is 
globular or disc-like, the ossicles are close-fitting and form a coveriug 
shell or corona which bears many movable spines; between the spines 
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Fig. 560 Salmacis—corona (aboral view). 
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are various kinds of three-jawed pedicellariae. "There are no arms, but 
the surface is divided into ambulacral and interambulacral zones which 
run from one pole of the corona to the other, each ambulacral zone 
has two rows of tube feet with suckers. Oral or lower pole has a 
mouth with five teeth forming a chewing mechanism called an Aristo- 
tle's lantern. The aboral pole which is more convex has an anus and 
a madreporite. Some are ciliary feeders, some use their tube feet' for 
transferring food, and others use their special jaws e.g., Salmacis and 
Echinus (sea urchins), Echinocardium (sand dollar). 

Class 4. Holothuroidea are sea cucumbers. They have an elon- 
gated, cylindrical body with mouth and anus at opposite ends. The 
body wall is leathery having very small and scattered ossicles or spicu- 
les, there are no spines or pedicellariae, and the madreporite is gene- 
rally absent. There may be five longitudinal ambulacral areas with 
rows of reduced tube feet which help in feeding. Some tube feet are 
modified to form a circle of long and retractile tentacles around the 
mouth. Arms are absent, e.g., Holothuria and Thyone (sea cucumbers). 

Class 5. Crinoidea are sea lilies and feather stars. They have a cup- 
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Fig. 561 Antedon (feather star). 
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hsaped body fixed to the substratum by a hollow stalk which has rows 
of ossicles; mouth and are at the anus upper surface of the free body. 
The lower aboral surface bears thin jointed cirri by which they cling to 
rocks. There are five arms which bifurcate. The arms have ambu- 
lacral grooves which function as food canals, tube feet are like ciliated 
tentacles with no suckers, they are sensory and bring about ciliary 
feeding. Branches of arms have thin pinnules on both sides, they 
bear gonads at their bases. Spines, pedicellariae, and madreporite 
are absent. Skeleton is of jointed calcarcous ossicles, in the arms 
the ossicles resemble vertebrate. The adult sea lilies often detach 
from the substratum, e.g., Antedon (feather star). 

The animal kingdom is divided into two main groups known 
as Nonchordata and Chordata. This division is only a matter of 
convenience and has no biological significance. All the phyla 
considered so far from Protozoa to Echinodermata are placed in 
Nonchordata because they do not have a notochord or backbone. 
But there is not even a single positive character which is common 
to all invertebrates, on the other hand, the differences between the 
phyla of Nonchordata are very large, and each phylum has certain 
structural peculiarities and a distinct classification. The nonchordates 
constitute about 95% of the animal kingdom. Opposed to non- 
chordates Phylum Chordata contains animals which exhibit distinct 


common characteristics. 
11. Phylum Chordata 


Chordates show the following characters :— 

1. Presence of a motochord—Chordata are characterized by 
the presence of a notochord. The notochord is a tough but elastic 
rod of vacuolated cells which are covered by one or two sheaths, 
it lies on the dorsal side just below the central nervous system. The 
notochord may persist throughout life or it may be replaced partially 
or completely by a vertebral column in the adult; in the embryo 


it serves as an axial endoskeleton. д 

2. Presence of a dorsal, hollow, central nervous system— 
The central nervous system is a hollow tube lying mid-dorsally. The 
anterior part of the tube forms a brain, while the remaining part forms 


а spinal cord. : 
eal or visceral gill clefts—Gill clefts are 
3. Presence of pharyng ee EI 


paired passages from the pharynx to the exterio i 
clefts E gills, Gill clefts may be permanent and functional in 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 
a 


810 ANIMAL BIOLOGY 


respiration, or they may be present only during embryonic life and 
may be non-functional. 

Besides these three primary characters, the higher chordates or Ver- 
tebrates possess a few more characteristics in contrast to nonchordates, 

(a) A ventral heart—The heart is a muscular part of the main 
ventral vein and it is always ventral in position. In the nonchor- 
dates a heart, if present, is always dorsal in position because it is 
usually a modification of a dorsal vessel. 

(b) Closed blood vascular system—In chordates the blood 
from the heart flows in a continuous system of tubes, from the heart 
it goes into arteries and then into capillaries, in the tissues and organs 
the capillaries join to form veins which return the blood to the heart. 
Such a vascular system is called a closed system. In the nonchor- 
dates the blood vascular system may be of closed or open type. 


SOLID NCTOCHORO 


PHARYNGEAL у 
GILL CLEFTS ENTRAL HEART 


Fig. 562 А generalized Chordate. 


^ (c) A hepatic portal system—Most veins start as capillaries in 
tissues and they join another vein or enter the heart, but the food- 
laden blood starts from the alimentary canal and passes through 4 
filter-like network of capillaries in the liver, it is then taken to the heart 
by a pair of hepatic veins. Such veins which are interrupted by an 
organ form a ‘portal system’. Majority of chordates possess a hepatic 
portal system involving the liver. 

(@) Red blood corpuscles—Red colour of the blood is due to ? 
respiratory pigment called haemoglobin. In chordates the haemo 
globin is contained in the red blood corpuscles, but in those non 
chordates in which the blood is red, it is due to haemoglobin being 
dissolved in the plasma. 

(e) A post-anal tail—In chordates the posterior prolongation of 
the body behind the anus takes the form of a tail which is metamer! 
cally segmented. The tail is always present in the embryos, thous” 
it may be lost in some adults, 
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(f) Eye—The essential sensory parts of the eyes are derived from 


the brain, while in nonchordates the eye is formed from the skin. 
Comparison of Nonchordates and Chordates 


Nonchordata Chordata 
1. Notochord absent. |. Notochord present at some 
stage. 
2. Central nervous system is| 2. Central nervous system is 
solid and ventral. always hollow and  mid- 
dorsal. 


3. There are no visceral clefts. | 3. Visceral clefts present tem- 
porarily or permanently. 
4. Heart, if present, is dorsal. 4. Heart ventral and enclosed 
in a pericardial cavity. 
5. Vascular system open ог | 5. Vascular system always 
closed. closed. 
6. Hepatic portal system пої | 6. Hepatic portal system pre- 
present. sent in higher forms. 
7. The anus is posterior, hence | 7. Post-anal part forms a tail 
there is usually no true tail. which is metamerically seg- 
mented. 
8. Haemoglobin, if present, is | 8. Haemoglobin is dissolved in 
dissolved in the plasma. the red blood corpuscles. 
9. The eyes are formed Бу | 9. Sensory parts of eyes formed 
skin. from brain. 


Skin аана нош ан 
Classification of Phylum Chordata 
Although a notochord is present in the embryos of all chordates, 
yet in the majority it is replaced in the adult by a vertebral column, 
such chordates are called Vertebrates. The remaining chordates in 
which there is no vertebral column are called Lower chordates or 
Protochordata. Phylum Chordata is thus divided into two groups— 
(1) Protochordata and (2) Vertebrata. Groups are subdivided into 
subphyla and classes. 
Group 1: Protochordata or Acrania 
Protochordata are those chordates in which the notochord is 
permanent and there is no vertebral column. They have no true bréin 
or skull, a true heart and kidneys are absent. They are all marine 
and constitute only a fraction of the total chordate ‘population. 
Subphylum 1. Calcichordata—comprises about sixty species of 
small creatures, all fossilized, which had a covering of small calcite 
(CaCO,) plates like the echinoderms on one hand, on the other, had 
the typical and basic chordate characteristics. They were marine. 
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^ 


Calcichordata is believed to be a connecting link between Non-chor- 
dates and the Chordates. 

Subphylum 2. Urochordata or Tunicata are all marine animals, 
they are sessile or free-swimming. Body is enclosed in a test. Pharynx 
has gill clefts. They have no metameric segmentation, and a coelom 
is absent. There is a ventral tubular heart with a periodic reversal in 
the flow of blood. They are mostly hermaphrodite. Their chordate 
characters are largely lost in the adult, but their chordate affinities are 
seen in a free-swimming tailed larva which has a dorsal tubular 
central nervous system, pharyngeal gill clefts, and a notochord which 
is confined to the tail only, e.g., Herdmania (sea squirt). 

Subphylum 3. Cephalochordata are small fish-like marine animals 
showing chordate characters, they have a dorsal tubular neural tube, a 
notochord runs through the entire length of the body below the nervous 
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Fig. 563 Branchiostoma. 


system, pharynx has numerous gill clefts. They exhibit well marked 
metameric segmentation. Coelom is present. Excretory organs 


are segmental nephridia. They have ciliary feeding, e.g. Branchiostoma 
(Amphioxus). 


Group II : Craniata or Vertebrata 

They have a definite head and a skull enclosing a brain and some 
sense organs, the notochord is more or less replaced by @ vertebr 
column; there is a well developed endoskeleton, true kidneys апе 
true heart are present. Gill clefts may be respiratory throughout life 
or only in the embryo, they may be present only in the embry? but 
non-functional. 

Subphylum A : Agnatha—They have no true jaws, vertebral 00; 
lumn is not well developed, there are no centra and the notochor 
persists throughout life, paired appendages are absent, they are fish-like- 

Class 1, Ostracodermi—extinct armoured fishes, €. Caphalasp's: 

Class 2. Cyclostomata—They have round jawless sucton é 
mouths; scales are absent; there is a single median nostril; they bav 
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6-14 pairs of internal gills; the brain is primitive, and the pineal body 
is like an eye and sensitive to light; ear has only one or two semi- 


Fig. 564 Petromyzon (lamprey) attached to a host bony fish. 
circular canals; there are no bones; they are temporary parasites 
on fishes, e.g-, Petromyzon (lamprey). 

Subphylum B : Gnathostomata—(The jawed vertebrates) They 
possess true jaws, two paired appendages are generally present, 
nostrils and olfactory organs are always paired, there are three semi- 
circular canals. All kinds of fishes and higher vertebrates including 
Man fall їп this subphylum. Subphylum Gnathostomata is split up 
into vertebrates with paired fins and vertebrates with paired limbs; 
the former comprise the superclass Pisces (fishes) and the latter | 
comprise superclass Tetrapoda (four legged). 

Superclass Pisces is divided into three classes (1) Placodermi— 
the primitive fishes with bony есте es 
covering plates. No member is 
living today, and (2) Chondri- 
chthyes, the cartilaginous fishes 
and (3) Osteichthyes, the bony 
fishes. 

Class 2. Chondrichthyes 

They have an endoskeleton 
made entirely of cartilage, 
and an exoskeleton of placoid 
scales. Gills are not covered 
by an operculum. 

There are generally two 
dorsal fins. Nostrils and mouth 
are ventral, there are no inter- 
nal nostrils, e.g., Scoliodon RU 
(shark), Torpedo (electric ray). Fig. 565 Torpedo—clectric ray (dorsal). 
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Scoliodon—The Shark of Indian Seas (A cartilaginous fish) 


Sharks are fishes with an endoskeleton of cartilage and an exoske- 
leton of dermal scales. Their natural home is the sea, but some live 
in estuaries and even ascend the rivers. They are known for their 
rough skin and voracious feeding habits. They scent blood from long 
distances and attack the prey with their powerful jaws. The most 
common Indian sharks are the species of the genus Scoliodon and 
Carcharhinus; the former are chiefly confined to the seas all along the 
Indian coast while the latter feel quite homely in the river Hooghly 
at Calcutta. As many as 4 species of Scoliodon are found in the Indian 
seas; Scoliodon dumerilii in the Bay of Bengal, S. sorrakowah and 
S. walbeehmi along the Eastern Coast of India and Bangla Desb 
and S. palasorrah along the Western Coast of India. 

External features—Body of Scoliodon is elongated ranging from 
30 to 45 cm. in length and spindle-shaped. The colour of the back 
and sides is bronze or slate-grey in some species while the undersur- 
face is mostly white. The body is indistinctly divided into head, 
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Fig. 566  Scoliodon—the shark of Indian seas. 


trunk and tail. The head is depressed and produced in front of the 
ventrally placed mouth into a bluntly ending prolongation call 
snout. The ventral mouth is strongly arched in the form of crescent 
and the skin is folded over the jaws to form upper and lower lips 
which are not movable. The mucous membrane covering the jaws 
is beset with sharp, conical and recurved teeth which help in seizing 
and preventing the struggling prey from slipping out from the mouth. 
These are not meant for smashing the prey, and as a rule sharks quickly 
swallow the entire prey. 


A pair of eyes situated on the head are large, having upper and lower 
eyelids. Eyelids consist of mere folds of skin which have but little 
power of movement. A thin transparent nictitating membrane lies 
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beneath the upper and UROGENITAL PAPILLA 
lower eyelids. When PORES NA) PELVIC FIN... 

the animal dives in Re 2 
water, it covers the eye. NOSTRLA:Y XS CLOACA 
The pupil is narrow y х ABDOMINAL 
and vertical. Shortly ize, E ae 
infront of the eyes and МОЧТН/" 
lying on the ventral side 
of the head close to its 
margin are the external 


A 
; Fig. 567  Scoliodon. 
nares or nostrils, one on A ventral! view tof: Heads 
each side. Each nostril B—ventral view of pelvic region of a male. 


is an obliquely crescentic aperture divided by a flap of skin arranged so 
as to direct water in through one division and out through the other. 
The surface of the head, both upper and lower, has minute pores 
through which a viscous fluid oozes out when the head is pressed with 
the thumb. These are ampullary pores and lead into a system of 
receptor organs with which the fish receives information of tempera- 
ture fluctuations in the surrounding water. Behind the head, on 


„each side, are five oblique openings, the external gill-slits or branchial 


clefts which communicate internally with the pharynx; gill-slits are 
parts of respiration system. 

The trunk is the largest part of the body. It is laterally compressed, 
thickest in the middle and extends from behind the last gill-slit to the 
cloaca. Paired fins are attached to the trunk region. Of the paired 
fins, there are anterior pectoral and posterior pelvic fins, corresponding 
to our own arms and legs. Pectoral fins are large triangular expan- 
sions arising from the ventro-lateral margins of the trunk just behind 
the last pair of gill-slits. Each has a narrow base movably attached 
to a transverse skeletal rod of cartilage, forming a part of the pectoral 
girdle. The expanded part of the fin is supported by thin skeletal 
rods, the fin-rays. Pelvic fins are much smaller than the pectorals, 
and placed more ventrally, one on each side of the cloacal aperture. 
Each has a narrow base movably attached to the pelvic girdle, the 
free expanded part is supported by fin-rays. Median fins are also 
supported by the fin-rays. Within the cloaca arethe openings of the 
rectum, the opening of the urinary and genital ducts mounted on top 
of a papilla, and the paired openings of the coelom called abdominal 
pores, these too over separate papillae. 
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The tail is long, laterally compressed and graduaily tapering to- 
wards the end, at the same time rising a little upward from the lateral 
axis of the body. Such an upturned tail is known as heterocercal 
and is very characteristic of sharks. At the root of the tail there is 
a caudal pit cach on the dorsal and ventral surfaces. A light coloured 
lateral line extends lengthwise along each side of the body from be- 
hind the head to the tail. Also faintly visible, in the trunk region 
are a series of > shaped segmented grooves marking the position of 
connective tissues septa that divide the longitudinal muscles of the 
trunk and tail into segmented blocks called myotomes. 

By passing the fingers gently from the tail towards the head, one 
can feel the roughness of the shark’s skin. This is due to the presence 
of numerous dermal placoid scales forming the exoskeleton of sharks. 
Each scale or denticle has a rectangular plate embedded deep in the 
skin and-a toothed backwardly-directed spine projecting over the body 
surface. 

Male is distinguished from the female by the presence in the former 
of a pair of hard elongated structures attached to the pelvic fins called 
claspers; these serve as copulatory organs. Scoliodon is viviparous. 


Class 3. Osteichthyes 
Endoskeleton is made of bone, and there is an exoskeleton of 
bony scales. Mouth is terminal and external nostrils are on dorsal 
side. Internally there is a bag called air or swim bladder which serves 


as a lung in lower forms, but becomes a hydrostatic organ in higher 
forms. They include bony fishes. 


x CAYDAL FIN 
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3 Fig. 568 — Neoceratodus—Australian lung fish. 


Sub-class (i) Crossopterygii—They are lung fishes because they 
_ breathe by gills and also by one or two lungs formed by 
air bladder; internal nostrils open into mouth cavity- They 
have paired fins which are very narrow at the base, as 
a lobe of the body wall projects on to the fin, oe: 
Neoceratodus (lung fish). 
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Sub-class (ii) Actinopterygii—Their paired fins have broad bases 
and no basal lobes, the entire fin is supported by fin rays. 
Their external nostrils are paired but internal nostrils are 
absent, there is a single dorsal fin; they have a hydro- 
static air bladder. 

Order (a) Teleostei—They are modern bony fishes found in all 


types of waters; the exo- 
skeleton of thin scales is 
covered with epidermis; 
they have four pairs of gill 
clefts covered by opercula, 
e.g., Labeo (rohu), Hippo- 
campus (sea horse), Salmo 
(salmon), Anguilla (eel), 
Gadus (сой), Exocoetus 
(flying fish). 

The Chondrichthyes and 
Osteichthyes are together 
called Pisces or fishes. 

Labeo calbasu— 
The Indian carp ‘rohu’ (A 
bony fish) ` 

Carps and catfishes are 
common fishes in the quiet, 
clear and sluggish rivers and 
estuaries of Indian sub- 


Fig. 569 Male Hippocampus (sca horse scen 
from a side). : 


continent. Carps of the genus Labeo are represented by two very 
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Fig. 570 Labeo calbasu. 
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common species; Labeo rohita and Labeo calbasu, both having the 
native name ‘Rohu’ or ‘Kalbasu’ for L. calbasu. They are impor- 
tant food fishes in many parts of India. 

External features—The fusiform body of L. calbasu grows to a 
length of about a metre and weighs about 4 kg. Body is divisible 
into a head, trunk and tail. The colour of the back and sides is 
dusky black, while that of the under-surface is pale or white; fins 
are black, occasionally the upper-lobe of caudal fin is white. In 
L. rohita the fins are reddish, rarely black. 

The head is depressed and snout blunt, bearing a sub-terminal 
fringe-lipped mouth bounded by fleshy upper and lower lips and pores. 
Two pairs of black-coloured sensory barbels arise from the rostrum 
and maxillae (two pairs of short thin barbels in L. rohita), rostral 
pair is longer. The jaws are without teeth, instead, there are three 
rows of teeth in the pharynx. The eyes are large, without lids and 
the pupil is rounded. The paired nostrils are placed on the dorsal 
side of the snout in front of the eyes. Unlike the sharks, the gill-slits 


of rohu are covered with a bony flap MOUTH 

on each side called the gill-cover or 

operculum. Between the gill-slits and “28 А 

the operculum lies a spacious branchial T БА 

cavity of opercular chamber which S B -SN ISTHMUS 


communicates with the exterior bya |$ AN 2 oPencuLuM 
single aperture. A fleshy fold of skin, |Ë XS 

the branchiostegal fold, along the 
border of the operculum, when applied 
tightly against the body-wall, closes 
the branchial cavity from outside. 
The mechanism of breathin 
different from that of the sh 
the opercula which alterna 


tely rise and fall back. Small tubercles, 
and not scales, cover the head. 


| There are three median and two paired fins. Dorsal, ventral and 
tail fins are median fins. The tail-fin and tail differ from those of 
sharks in being outwardly symmetrical and forked, though internally 
there are still traces of the upturned tip of the vertebral column. 
The upper and lower lobes of tail fin are roughly equal. Amongst 
the paired fins, the pectorals arise by narrow bases from the ventro- 


lateral sides of the trunk. The pelvic fins in bony fishes are usually 
shifted forwards, so they are in rohu. : ed 


BRANCHIOSTEGAL 
FOLD 


Fig. 571 Labeo calbasu— 
ventral view of head 


B and gill-structure of rohu is quite 
ark. Breathing movements are those of 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


колтет" P a EN cm 


9 
CLASSIFICATION OF ANIMALS 819 


The skin of trunk, and tail contains rows of dermal scales which, 
unlike the placoid scales of shark, do not cut through the skin surface. 
The scales are sct at an angle in the skin so that they overlap and 
form a complete covering. A part of each scale is buried in the dermis 
and points forward, while the rest is exposed and points backward, 
the skin over the exposed part bears pigment cells that control the 
body colour. Overlapping arrangement allows the scales to slide 
over one another, and the body, being more flexible than it would be 
with a continuous armour, has greater swimming speed. Scales of 
rohu are flat, bony, and with edges rounded off; such scales are 
called cycloid scales. 

A cloaca is lacking in all bony-fishes and the sexes are separate. 
The anal aperture lies immediately in front of ventral бп. The genital 
openings and the urinary openings follow next in series behind the anus. 
Copulatory organs are also lacking. Rohu is oviparous i.e., lays eggs. 

A distinct lateral line extends between the head and tail. 

Habits—All carps, including Rohu, are chiefly herbivorous, 
feeding upon bottom algae and other plants, but frequently feed 
upon small invertebrates, hence are harmless. 

Rohu and many other bony fishes frequently rise to the surface 
of water, gulp in air and return. The air is swallowed down into a 
special duct which connects the oesophagus with an air or swim 
bladder; such a structure is not known in the sharks. Swim bladder 
is filled with air or gas and lies immediately below the vertebral column 
and has several functions, one of which is ‘hydrostasis’. 

Superclass Tetrapoda includes several classes : Amphibia, Reptilia, 
Aves and Mammalia. 

Class 1. Amphibia 

Amphibia are cold blooded, aquatic or terrestrial vertebrates 
which have only partially succeeded in overcoming the difficulties of 
life on land. The adults inhabit damper places or are entirely 
aquatic, but there are no marine forms. Except a few amphibians 
which are viviparous (give birth to young ones), they are compelled 
to breed in water, for their eggs are not adapted for development on 
dry land. ‘ They have smooth moist skin rich in glands. _The skin 
serves as a respiratory surface and is richly supplied with blood. 
There are no exoskeletal element in the skin, except in Gymnophiona 
which have scales embedded in the skin. SCC 

Respiratory organs are gills and lungs. All forms have gills in 
the larval condition, gills may persist in aquatic amphibians through- 
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out life. Lungs are functional in the adult stage in terrestrial forms, 
but they cannot meet the entire respiratory need, hence the skin is 
also respiratory. Heart has two auricles and one ventricle, but a 
sinus venosus and conus arteriosus are retained. Skull has two 
occipital condyles. Limbs are pentadactyl and are devoid of claws. 
Adult kidney is a mesonephros. They have a cloaca into which the 
rectum, genital ducts, and ureters open. There are no organs of 
copulation. Life history is usually accompanied by metamorphosis. 
Order (a) Urodela—These are the tailed amphibians. Tail persists 


GILL SLITS CAUDAL Fir 


Fig. 572 Necturus (mud puppy). 
througnout life and assists in progression both on land and in water. 


Fig. 573  Salamandra. 
The fore and hind limbs are relatively weak and are about 


equal in size. They may possess gills and gill slits 1n 
addition to lungs in the adults, or may have gill slits without 
gills, or only lungs. The vertebral column is long and 
there may be as many as ninety vertebrae, c.g., Necturus 
(mud puppy), Salamandra (salamander). The European 
salamander can grow new lenses on its eyes, if the old 
lenses are removed. 
Order (b) Anura—These are amphibians which possess 
a tail only in the larval life and lose it during metamorphosis. The gills 
and gill slits are functional only during larval life; adults have lungs. 
Vertebral column is remarkable for its shortness, some forms have 8$ 


iti. ete 
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few as five vertebraes Hind limbsare longer than fore limbs. Both 
limbs are strongly built and are adapted for swimming and leaping. 
Webs are usually present between the toes of the hind limbs. All kinds 
of frogs and toads come under this order, e.g.. Bufo, Rana and Hyla. 

Besides the familiar Rana tigerina, another species of frog called 
R. cyanophlyctis is common in some parts of India. The latter is 
distinguished from the former by its smaller size, by the skin on the 
dorsal surface being of a brown or olive colour having dark spots and 
with small tubercles or warts, by the fingers being slender and pointed, 
first finger not extending beyond the second, and by the pointed toes 
being webbed to the tips, the fourth toe being not much longer than 
the third or the fifth. This frog also has a pair of internal vocal sacs, 
in addition to an external pair of vocal sacs [Nigam, H.C., 1979. 
Double yocal sacs in the Indian water-skipping frog Rana cyano- 
phlyctis. Brit. Journ. Herpetol. London, (11) 771-773.] 

Bufo melanostictus (The Indian toad)—Toads remain hidden under 
stones, in grass and roots of trees throughout the day and come out 
after sunset. They are from 5 cm to 13 cm in length, the skin is 
dry and rough in contrast to the moist and slimy skin of a frog. All 
over the surface of the toad there are small conical projections or warts 
of thickened horny layer of the epidermis. Skin possesses many poison 
glands opening on the warts, mucous glands are few. There are two 
large glandular swellings behind the head, these are called parotoid 
glands which produce 
poison. It is on accouuit 
of these glands that toads 
escape their enemies, be- 
cause their poison is an 
irritant. Toad has a cir- 
cular snout and no teeth. 
The tongue is not bifid. 
Finger tips have horny 
claw-like thickenings of a 
darker colour. They usu- 
ally remain outside water 
but return to water for 
" breeding. Spawn of toad 
nostictus (toad). is in the form of a long 
is not well developed. 


Fig. 574 Bufo mela 
chain having two strings of eggs. Web 
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Е Differences between a toad and a frog may be summarized as given 
elow:— 


| Frog—Rana | Toad—Bufo 


1. Lives mostly in water and 
usually inhabits places near | 
ponds. 


1. Lives usually outside water 
in some shady place under 
stones, leaves or roots, returns 


| 


to water only for breeding. 


| 
| 
2. It is diurnal. | 2 Tt is diurnal. | 2.Itis nocturna. 2. It is nocturnal. 
| 3. Skin is smooth, moist and | 3. Skin dry, СОТ 3. Skin is smooth, moist and | 3. Skin dry, rough and warty, 
| slimy and is an important with almost no cutancous 
respiratory organ. respiration. 
| 4. Snout is conical. 4. Saout is more or less roun- 
e 
| 5. Web well developed. 5. Very slightly developed. 
6. Hind limbs are relatively | 6. Hind limbs not much longer 
= much longer than the fore than the fore limbs. 
8 | limbs. 
5 7. No bony ridge over the | 7. A pair of ridges between 
a head. the eyes. 
Б 8. Digits have по horny tips. | 8. Digits have black horny tips 
5 (hence the name melano- 
stictus =tipped. black). 
9. No parotoid glands. 9. Parotoid glands are present 
- | 10. Skin has more mucous glands| 10. Poison glands outnumber 
and a few poison glands. the mucous glands. 
11. Teeth present on upper jaws | 11. Teeth are entirely absent. 
and vomers. 
12. Tongue bifid. 


12. Tongue not bifid. 
13. They overlap more fully. 


. Epicoracoids in the pectoral 
girdle do not overlap each 
other. 

. Episternum and omoster- 
num are present. 

. Glands of Swammerdam 
are present, 

. Transverse processes of the 

ninth vertebrae are bent 

backwards and are cylindri- 


14. They are absent. 


15. They are absent. 


Anatomical 


16. They are not bent back- 
wards, have broad ends. 
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| Frog—Rana Toad—Bufo 
17. Eighth vertebra is amphi- 17. It is procoelous. 
coelous. 
18. Ureters open separately in | 18. Ureters open on a common 
cloaca. papilla in cloaca. 


19. Liver has two lobes. 
20. Seminal vesicles at the cloa- 
cal ends of vasa deferentia. 
| 21. Spawn has no regular shape | 21. Spawn is in the form of a 
and eggs are scattered. string in which eggs are ar- 
| ranged in two parallel rows. 
| 22. Eggs and larvae are lightly | 22. They are densely pigmented. 
pigmented. 


19. Liver three-lobed. 


20. Seminal vesicles at the be- 
ginning of vas deferentia. 


———————————— 


Anatomical 


- Hyla arborea—It is the small green coloured ‘tree-frog’. It lives 
on trees and grasses where it moves 
slowly on the leaves and twigs. Its 
colour conceals it in the surroun- 
dings. There are soft pad-like 
adhesive discs on the fingertips. 
These discs help it to stick to the 
surface on which it moves. The 
skin is smooth and there are no 
paratoid glands. It is common in 
India and Europe. The giant tree- 
frog of Santo Domingo has skin so 
poisonous that touching it results in 
а severe burn. 

Order (с)  Gymnophiona or 
Apoda—They include limbless Am- 

hibia. They are adapted for a : 

агони Ше. They have no limbs РЕ 575 `Нуа—(е treeifrog 
or girdles. Tail is practically absent so 
minal. Eyes are covered with opaque u 
There is no middle ear or it is not properly developed. Body is marked 
externally by rings giving the animal a segmented appearance. Head 


has a pair of sensory tentacles. Small calcified scales are found buried 


that the cloaca is almost ter- 
skin and are non-functional. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


824 ANIMAL BIOLOGY 


- 


Fig. 576 Ichthyophis (blind worm). 


under the skin. Larvae have external gills. Number of vertebrae may 
be as many as two hundred or more. Adults respire by means of lungs. 
Eggs are laid in moist earth, e.g., Siphonops, Ichthyophis. 


Class 2. Reptilia 


Reptiles are poikilothermal terrestrial or aquatic animals having 
an exoskeleton of epidermal scales, below which in some there are 
also bony dermal plates. They are adapted for life on land as adults: 
and during embryonic development. Heart begins to show a division 
into four parts. Kidney is metanephric. Skull has only one occipital 
condyle. Limbs are pentadactyl ending in claws. They possess а 
cloaca. Due to a single or double penis fertilization is internal, and 
large yolky eggs with shells are laid which develop on land. the 
embryo develops within embryonic membranes inside the egg. 

Sub-class (A) Anapsida—The temporal region of the skull is not 
perforated. 

Order (a) Chelonia—tIt includes turtles (marine), tortoises (terr- 
estrial), and terrapins (fresh water). The trunk is short and broad 
enclosed by a dorsal carapace and ventral plastron, both formed by 
epidermal scales and dermal bony plates in most forms. Clavicles 
and interclavicles detach from the pectoral girdle and become bones 
of the plastron. Jaws are strong and encased in horny sheaths, there 
being no teeth. In aquatic forms, the limbs form paddles, e.g., Trionyx 
gangeticus; Testudo is a tortoise. 


шна тс ee CL OC A CC сыным. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


` 
L] 
al 


CLASSIFICATION OF ANIMALS 825 


FORE LIMB 


Fig. 577  Testudo—a tortoise. 

Sub-class (B) Diapsida—The temporal region 6f the skull has two 
openings—one above and the other below the suture between the 
squamosal and postorbital. 

Order (a) Squamata—Horny scales form a continuous armour. 
The tailjis long, teeth fixed to sides of jaws (pleurodont). They live 
on dry land mostly in tropics. 

Sub-order (i) Lacertilia—Eyelids are movable, ear opening is 


| | Fig. 578 Hemidactylus —wall'lizard. 
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present, mouth cannot open very wide. Girdles are present, 
e.g., Uromastix (sanda), Draco volans (flying lizard), Anguis 
(glass snake), Chamaeleon, Hemidactylus (wall lizard). 


Sub-Order (ii) Ophidia—Snakes are very highly modified animals 
and are generally found in tropical countries like India, 
Bangla Desh, Burma, Malaysia, Congo and Amazon 
Basin, and also in temperate countries like Britain. 
There are about 2400 species of snakes divided into 13 
families.. 

Snakes have loosely constructed skulls and jaws, flexible back- 
bones and numerous ribs. The body is elongated, limbs and girdles 
are absent, except rudiments in pythons and boas. They do not 
have legs; eyelids are not movable. Ear opening, tympanum, middle 
ear and Eustachian tubes are absent. Mouth is greatly expansible, 
which permits them to swallow food by alternate forward movement. 
Nostrils are near the tip of the head, a bifid tongue is sensory. In 
some, salivary glands are modified to form poison glands e.g. Naja 
(Cobra) Zamenis or Ptyas (Dhamin), Python, Vipera (Viper). There is 
no urinary bladder; snakes havea double spiny penis. Locomotion 1s 
by ribs attached to ventral scales, and by lateral undulations of the 
body. Due to this peculiar structure 
of the body and mode of locomotion, 
the snakes are able to move speedily 
in one direction, but cannot change 
direction abruptly. 


Like frog, they are cold blooded 
animals and their body temperature is 
generally adjusted to the temperature 
of the environment. They are in their i 
holes underneath the surface of the ix 
earth during winter season, but come 
out on the surface during summer or 


their young ones. They store up some extra food as fat. A large 
number of snakes produce living youngs enclosed in a membrane 
which gives way soon after their birth; in some case, snakes lay rel@ 
tively large eggs with covering shells on land or in their holes. 
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Poisonous and non-poisonous snakes 


The snakes are broadly divided into two categories—poisonous 
and non-poisonous. In India, the poisonous snakes are King Cobra, 
Kraits and Vipers, while the others like blind snakes, Rat snakes 
(Dhaman) and Pythons are non-poisonous. All snakes have teeth 
used for seizing prey. Truly poisonous snakes are furnished witb 
a pair of poison fangs in the , 
upper jaw. The fangs аге 
hollow, modified and specia- 
lized grooved teeth over the 
maxilla, and the venom passes 
into them from a special 
gland situated behind the 
angle of the mouth. Snakes 
without poison fangs are 
non-poisonous, though their Fig. 580 Head of a poisonous snake. 
saliva may contain a mild poison just sufficient to paralyze their 
small prey. Generally, poisonous snakes have their head broader than 
their necks. 


Biting mechanism of a poisonous snake—In the skull of a poisonous 
snake, maxillae, palatines, pterygoids, quadrates, squamosals are 
movable bones. In addition, ectopterygoids (=transverse bones), 
and epipterygoids (=columella cranii) are also movable bones. 
Reduced maxillae bear one or more poison fangs. Teeth may also be 
set on palatines and pterygoids which only help in holding the prey 
when it has been stung. The halves of the lower jaw are joined at 
the chin by elastic fibres. In the normal condition, i.e. when the 
mouth is shut, the poison fangs lie curved back and withdrawn into 
the fang pockets. 

Three sets of muscles are used in biting: (i) digastric or masseters 
which upon contraction pull the lower jaw down and open the mouth; 
(ii) sphenopterygoids, which arise from the brain box and are inserted 
into the palatine-pterygoid bars; (iii) anterior temporalis muscles, 
which arise from the sides of the brain box and are inserted into the 
mandibles (lower jaw). А | 

Besides the muscles, the lower jaw halves and the quadrate bones | 
are so levered that the lowering of the mandibles automatically us 
tes the quadrates in such a way that pterygoids are also sein or- 
wards. Ectopterygoids, which are levered with pterygoids on one 
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Fig. 581 Biting mechanism of a poisonous snake. 


side and maxillae on the other, in turn, rotate the maxillae in such а 
way that fangs are thrust erect and ready to strike. 

When the prey is within the striking distance, diagastrics contract 
and the mouth is opened wide. Simultaneously quadrates push the 
palatine-pterygoid-ectopterygoid bars; this action is aided by the 
contraction of sphenopterygoid muscles, leading to the erection of 
fangs. The prey is caught into the widely opened mouth. Within 
moments, the powerful anterior temporalis muscles pull the mandibles 
‚ up tightly, causing the fangsjto pierce the prey and poison glands to 

squeeze the poison.. 

Effects of poisonous snake-bite—Two types of toxins are commonly 
present in the snake venom, neurotoxins and haemotoxins. The 
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first are venoms provoking muscular paralysis with their action mainly 
on motor nerve cells. In case of Cobra snake venom, both convul- 
sions and paralysis may occur. The haemotoxins result in haemorr- 
hages; tissue cells are destroyed, red cells and blood vessels impaired 
and specific organs affected. Usually, the victim of either case 
has respiratory difficulties and haemorrhages. As the poison is 
absorbed, the victim will have dimness of vision, shortness of breath, 
a rapid but weak pulse and certain convulsions may be accompanied 
by vomiting. Benadrylis used as an antidote to counteract the effect 
of haemotoxins. Antisera, given locally and intravenously, is the 
treatment. 

Identification of poisonous and non-poisonous süakes—Scales, plates, 
and shields, their arrangement and size help in the identification of 
poisonous and non-poisonous snakes. The common characteristics 
of both the types are:— 

(a) Large plates across the belly, and 

(b) the scales not visible on the undersurface. 

Hence, in case of presence of the above two characteristics further 
enquiry is necessary to find out if the snake is poisonous or not. 

1. Turn to the underside (ventral) of the snake and see the scale 
pattern. If the scales are small and uniform (Fig. 582-A), or if the 
scales are transversely long but some of the rows of small scales of 
the back are visible on the underside, it is non-poisonous (Fig. 582-B). 


Fig. 582 A—Small uniform Fig. 582 B—Transverse plates on the 
scales on the ventral side and some rows of. 
underside. scales of the back also visible. 


2. If the scale pattern on the underside shows transversely 
arranged plates and no small scales of the back reach the underside, 
then it may be poisonous or non-poisonous (Fig. 583-A). To one 
look at the scale pattern on the top of the head; if it is covered wi 
small scales, it is one of the deadly poisonous snakes such as viper 


(Fig. 583-B). : : 
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A B 
Fig. 583 Identification of snakes (for details sce text). 


3. But if the scales on the head are in the form of large shields 
or plates (Fig. 583-C), it may be non-poisonous or one of these 
poisonous snakes: à pit-viper, a cobra, king cobra, a krait or a coral 
snake. To decide look at the side of the face. 

(i) If a pit larger than the nostril is present between the nostril 
and the cye, it is a pit viper (Fig. 584-A). 


NASAULS 


INFRA LABIAL 

Fig. 584 A—Head of a pit viper. Fig. 584 B—Head of.a cobra: 

: (ii) If no pit is present but the third upper labial (supra labial) 
scale touches the nasal scale and the eye (Fig. 584-B), it 18 à 
cobra, king cobra or a coral snake. 

(iii) If none of the two above characters is present, then look for 
the following two .characters :— 
(a) the middle row of scales on the back enlarged (Fig. 585-А); 


LOWER LABIAL 


VERTEBRAL 0060 901 


КУ at 


Fig. 585 Identification of snakes. (for details sce text). - 
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(b) the fourth scale on the lower lip (infralabial) (Fig. 585-B) 
along the inargin of the lower jaw is the largest, then it 
is a krait. 


(iv) If (i), (ii) and (iii) characters are absent then it is non- 
poisoncus. 


4. All sea snakes have large flattened scales on the head and the 
tails are flattened laterally; they are all poisonous except one species. 


Some Poisonous Snakes of India 


India has some of the largest and dangerously poisonous snakes 
of the world. The most common poisonous snakes are :— 

1. Vipera russelli (Fam. : Viperidae)—The Russell’s Viper is 1:8 
to 2 metres long and it is found in India and Malaya. Body is pale 
brown, and extending the entire length are three rows of large black 
rings bordered with white or yellow enclosing darker brown or even 
red. In some specimens the rings of the back unite to form a chain. 
It has a peculiar habit of striking the prey from a lateral S-shaped 
loop of the neck with a lightning speed. Its powerful elongated fangs 
can be injected very deep into the prey. It warns of its presence 
by a loud hissing. 

2. Naja naja (Fam. : Elapidae)—The Indian cobra is up to 
2 metres long and highly venomous. Cobra is immediately recognized 
by the presence of lateral expansions of neck forming a hood when 
alarmed or excited. South Indian variety is yellowish to dark brown 
with a black and white spectacle-marking on the hood and a black 
and white spot on each side of the lower surface of the hood. 
Northern variety has a large black ring on the hood enclosing a white 
area which has a large black spot in the centre. Some varieties — 
have no marking on the hood. It strikes straight at the prey, the 
neurotoxic venom is injected from short fangs. It chases and preys 
upon frogs and rodents. 

3. Naja hannah—The king cobra is in fact the longest of the 
world's poisonous snakes, normally 3:6 metres but often 5:4 metres . 
long and not more than 6:5 cm. thick, at the same time most deadly. 
of all the snakes because of the powerful neurotoxin in its venom. 
Colouration is olive or yellowish brown often with ring-likc cross 
bands of black. The hood is proportionately smaller than that of 
the common cobra. King cobra has a special liking for the non- 


poisonous snakes as food. 
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4. Bungarus candidus (Fam. : Elapidae)—The krait is nocturnal 
and dangerous in habits since it haunts human dwellings and bites 
when disturbed. Its body is 0:6 to 1:5 metres long with smooth lustrous 
scales, dark brown or black with pale cross bands, some with yellow 
rings. The head is small; they usually prey upon small snakes, 
mammals, frogs and lizards. 


S. Ancistrodon himalyanus (Fam : Crotalidae)—The Himalayan 
pit viper is found in the Himalayas from 1,500 to 3,000 metres ele- 
vation. A. hypnale is found in the Maharashtra state along Western 
Ghats. Pit vipers of the genus Trimeresurus are also found in India. 
Head is always broad and distinct from the neck. Most species are 
about a metre in leagth and brown or grey with darker markings. 
All pit-vipers have a deep pit on each side of the head between the 
eye and the nostril, appearing more prominent than the nostril itself, 
and the pupil is elliptical. 

Natrix macropthalmus (grass snake) —Ptyas mucosus (rat snake or 
dhamin—over 2 metres), Acrochordus javanicus (elephant trunk snake) 
and Python molurus (Ajgar—7:5 metres) are some of the non-poisonous 
snakes of India. 

Order (b) Crocodilia— М \ 
They are adapted for life in — K HY. 
Waa aL 
vu 


fresh water. Skinhashorny `. 
scales and bony plates. 4 
Snout is elongated with  * x 
nostrils at the tips. The 
nostrils and ears have valves 
by which they are closed in 
water. Internal nostrils are 
far back against which the м. 
glottis is pushed for breathing Fig. 586 Gavialis—Gharial. —— 
when drowning their prey, e.g., Crocodilus (crocodile), Gavialis (gharial), 
and Alligator. Gharial isrecognized by a long snout armed with teeth. 
The adult male grows a protuberance on the tip of his nose, looking 
lke a “ghara”, hence ‘its name gharial". State government of Uttar 
Pradesh is controlling a Crocodile Rehabilitation Centre at Kukral^ 
15 km from Lucknow. Some crocodiles can completely digest d 
spear-heads. 
Class 3. Aves f 

‘Birds are bipedal craniates with an epidermal exoskeleton 

feathers. Fore limbs are modified to form wings for flying б 
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have only three digits, Hind limbs are attached far forward to sup- 
port the body while standing. Lower parts of legs and feet are covered 
with horny scales, they have not more than four toes with claws. 
Long bones have air marrow instead of bone-marrow, same is true of 
other bones also. The feathers, for example, i 
in pigeon, have more weight than its own 
bones. Light bones enable the birds reduce 
their weight—an adaptation for life-in-air. 
Jaws are covered with a horny sheath to form 
a beak. They are stenothermal and have a 
high body temperature. Heart is four cham- 
bered and only the right aortic arch is present. 
Quite a few air-sacs are associated with the 
lungs. Air-sacs, besides reducing the weight 
of the bird, act as reservoirs of fresh air and 
cooling devices in a relatively hot body. Birds, 
in gencral, have a high rate of heart-beat; 
small song-birds have a pulse rate 12 times 
as fast as that of man. Right ovary, right 
oviduct and urinary bladder have atrophied. 
There is a well-developed sternum with or Fig. 587 Struthio camelus 
without a ventral keel. They lay large yolky (Ostrich). 
eggs with shells which develop on land. They show parental care for 
the young. [ Я 

Order (а) Ratitae or Palaeognathae—They аге large-sized, strong- 
legged running birds, with small wings and a sternum without a keel, 
e.g., Struthio (African ostrich), Apteryx (kiwi). TRA 

Kiwi (New Zealand) has very small wings and almost no tail, it is 
blind in day time, has its nostrils at the tip of beak, and each day 
consumes its weight on worms. E 

Order (5) Carinatae or Neognathae—They are flying ШЫ with ien 
developed wings, the sternum has a keel, €.g., Psittaculla (parrot), 
Gallus (fowl), Pavo (peafowl), Corvus (crow), Columba (pigeon) 


Class 4. Mammalia 
warm blooded or stenothermal craniates so that 
their body temperature remains constant in spite of the cse 
temperature of the environment. 'They are most px ү ey 
and physiologically to their environment. Some 1 2) ordingly 
returned to fresh or sea water and bave become modified acc > 


A.B.—54 


They are terrestrial 
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Mammals are characterised by their great activity, high rate of meta- 
bolism and superior intelligence; they show intense parental care for 
the young. Mammals show the following characters :— 

(1) The skin is covered with epidermal hair which acts as an 
insulating layer and allows high body temperature to be maintained. 
The hair may be partly lost as a secondary adaptation. In some 
aquatic mammals where hair is negligible there is a subcutaneous 
layer of fat which provides insulation of heat and makes the warm- 
blooded condition possible. 

(2) The skin has two kinds of glands, sudorific glands which pro- 
duce sweat—evaporation of sweat controls the body temperature; 
. second kind of glands are sebaceous glands which produce an oily 
substance which makes the hair water-resisting. 

(3) In lower mammals modified sudorific glands and in higher 
mammals modified sebaceous glands form mammary glands which 
produce milk in the females for nourishment of the young for some 
time after birth. Because they possess mammae and mammary 
glands they are called mammals. 

(4) There is an external ear or pinna with an external auditory 
meatus. 

(5) In higher mammals, the anus is separated from the urinogeni- 
tal aperture; consequently urinary and genital ducts have no connec- 
tion with the digestive tube. 

(6) In males testes have come to lie outside the body cavity in 
scyotal sacs (except in elephants and aquatic mammals). 

(7) Teeth are embedded in sockets of the jaw bone and are said 
to be thecodont. There are only two sets of teeth in a lifetime, one 
deciduous or milk set and another permanent set, this condition is 
spoken of as diphyodont. There are four different types of teeth, 
hence mammals are heterodont. 

(8) A muscular diaphragm divides the coelom into a thoracic and 
an abdominal cavity; the thoracic cavity has a pericardial cavity 
containing the heart and two pleural cavities containing the lungs 
the remaining viscera lies in the abdominal or peritoneal cavity. 

(9) The heart is four-chambered with two auricles and two ven- 
tricles, so that pure blood lies in the left half and impure blood in the 
right half. This condition is also found in birds. RBC of all mammals 

except those of Camellide (i.e. camels and llamas), are round, biconcave 
and non-nucleated; those of Camellidae are oval and non-nucleated- 

(10) Only the left aortic arch is present. 
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(11) Erythrocytes are round, biconcave and non-nucleated (except 
in camel where they’are oval and non-nucleated.) 

(12) Cerebral hemispheres and cerebellum are large-sized and highly 
developed with great increase in the cortex. The two cerebral hemi- 
spheres are joined by a transverse band of nerve fibres called corpus 
callosum. There are four solid optic lobes called corpora quadrigemina. 

(13) The middle ear has three ear ossicles called incus, malleus, 
and stapes; the internal ear has a spirally coiled cochlea as an effi- 
cient organ of hearing. 

(14) The vertebrae and limb bones ossify from three centres, a cen- 
tral diaphysis and an epiphysis at each end; the bone grows between the 
diaphysis and epiphyses in the young animal. Eventually the epiphyses 
fuse with the diaphysis when no further growth can occur in the bone. 

(15) The neck generally has seven cervical vertebrae. 

(16) Each half of the lower jaw consists of a single bone, the 
dentary, which articulates with the skull by a squamosal. the 
quadrate and articular having become ear ossicles. 

(17) A secondary bony palate shuts off a dorsal air passage from 
the mouth cavity and pushes the internal nares to the extreme poste- 
rior end of the pharynx. 

(18) The lower mammals are oviparous, but all higher mammals 
are viviparous. Development takes place in the uterus of the mother 
inside foetal membranes, and a connection between the uterine wall 
and the embryo forms a placenta. The placenta brings about nou- 
rishment, respiration and excretion of the embryo or foetus. 

The above four classes (Amphibia, Reptilia, Aves and Mammalia) are 
together called Tetrapoda. 

Class Mammalia is 
divided into three sub- 
classes, Prototheria 
Metatheria and Eutheria. 
Sub-class 1. Proto- 
theria or Monotremata— 
they are primitive 
mammals which show 
many characters of Fig. 588 Tachyglossus—spiny ant-cater. 
their reptilian descent. Their reptilian characters are that they lay : 
large yolky eggs, urogenital organs open into a cloaca, pectoral girdle ; 
has well formed coracoids, precoracoids and a large T-shaped inter- 
clavicle; body temperature is not constant and is comparatively low, 
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Fig. 589  Ornithorhynchus—duck-bill molec. 

varying between 25? and 28° C. Their mammalian characters are the 
presence of hair and mammary glands—the latter are modified sweat 
glands—, presence of a diaphragm, four-chambered heart having only 
the left aortic arch and seven cervical vertebrae. Tachyglossus (spiny 
ant-eater) and Ornitio- 
rhynchus (duck-bill mole). 

Sub-class 2.  Meta- } 
therja or Marsupialia— YD 
They are viviparous but 
the young are born in an 
immature state and deve- 
lop in a pouch or marsu- 
pium on the abdomen of 
the mother where they 
are fed on milk produced 
by true mammary glands 
having teats. Anus and 
uirnogenital apertures are 
separate but have com- 
. non sphincter muscles. 
They have two uteri and 
two vaginae. In male the 
sc?otal sacs аге in front 
of the penis which is often 
bifid, e.g., Macropus (kan- 
garoo), Phascolarctos 
(kola bear)  Didelphys 
(opossum),  Perameles, 
Dendrolagus (wallaby). 
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Fig. 590 Macropus—kangaroo with 
young. 
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Sub-class 3. Eutheria or Placentalia—There is an allantoic pla- 
centa which nourishes the embryo, it is also respiratory and excretory. 
The placenta establishes a connection between the uterus of the mother 
and the developing embryo. They are viviparous and the young are 
like small adults, born after a long period of gestation. The anus and 
urogenital aperture are separate. The brain is highly developed and 
has a corpus callosum. The uteri generally, and vaginae always, are 

Я united into one. 
Order (a) Edentata—They have no front tceth, though simple 
> molars may be present. The snout is long and an elongated tongue 
is used for eating insects. Digits bear claws used for hanging from 
trees, e.g., Bradypus (sloth), Dasypus (armadillo). The sloth moves 
swiftly hanging upside-down from trees, yet, on ground it can only drag 
itself along at a speed of about 5 km/hr. 

Order (b) Pholidota—Exoskeleton of epidermal scales formed by 
fused hair, hair scanty, teeth absent, tongue long, sternum has rods of 
cartilage, limbs short with five clawed digits, e.g., Manis (the Pangolin 
or;the scaly anteater). Pangolins use their prehensile tails while 
clambering from branch to branch. 


one 


Fig. 591 Manis—ecaly ant-cater. 
Order (c) Insectivora—Small terrestrial and nocturnal maromals 
living on insects and worms. Teeth are small and pointed. Brain is 


f 


1 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


838 r ANIMAL BIOLUGY 


7 Fig. 592 Talpa—mole. 


small and skull’constricted in the middle, zygomatic arch is incomplete 
or absent. Intestine and caecum are small, e.g., Erinaceus (hedge hog), 
Talpa (mole). 

V! “Order (d) Lagomorpba—They have sharp incisors for gnawing, 
and a large upper pair of 
incisors has a smaller pair 
behind it. Canines are 
absent. The cheek teeth 
bite with the lower set 
inside the upper. The 
lower jaw has a wide 
range of movement due Fig. 593  Erinaceus—hedge hog. 
to the articular surface of squamosal being broad and flat. Hind 
limbs are long for jumping, the tail is short. They are herbivorous 
and include rabbits and hares, e.g., Oryctolagus (rabbit), Lepus (hare). 

_ Order (e) Rodentia—The upper jaw has only a single pair of 
incisors with enamel on the anterior surface only, hence they become 
chisel-shaped by wear. The dentaries of lower jaw are not joined and 
can be drawn apart. The cheek teeth bite with the upper set inside 
thelower. The fore limb often has a prehensile hand for holding food 


Fig. 594  Hystrix— Porcupine. 
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to the mouth. They have a very large number of species with a 
worldwide distribution, e.g., Castor (beaver), Funambulus (squirrel), 
Mus (mouse), Hystrix (porcupine). The harvest mouse is the only 
European mammal to have a prehensile tail. 


Order (f) Chiroptera—They are the only mammals that can fly. 
Fore limbs are long in which the metacarpals and phalanges of second 
to fifth digits are elongated to support a fold of skin called patagium 
to form a wing which joins the hind limb and the tail. The first digit 
is small and free and is clawed. Sternum has a Keel for attachment 
of muscles of flight. Hind limbs are weak and rotated outwards with 
the knees backwards. They hang upside down by their hind limbs, 
e.g., Pteropus (flying fox), Vespertilio (bat). 9 

Order (g) Carnivora—They are terrestrial or aquatic flesh-eating 
mammals. Jaws are powerful with three pairs of incisors and large 
sharp canines. The last upper premolar and first lower molar form sharp 
flesh-cutting shears called carnassials. Limbs end in 4 or 5 digits with 


Fig. 595 Pleropus—flying fox. 
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powerful claws, zygomatic arch is well formed for, powerful jaw muscles, 
Terrestrial forms have separate digits, such as Panthera tigris (tiger), 
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Fig. 596 Phoca—seal. 


Herpestes (mongoose), Canis familiaris (dog), Ursus (bear), Panthera leo 
(lion), Vulpes (fox). Aquatic forms have digits joined by skin to form 
paddles, such as Phoca (seal), Odobenus (walrus), Eumetopias (sea lion). 
A walrus in its natural habitat eats while standing on its head. It 
dives to the bottom of the sea, digs its tusks (long teeth) into ocean 
bed and rakes up shrimps and other saell-food. 

Order (bh) Cetacea—They are aquatic mammals with fish-like 
bodies, they have undergone large modifications. Hair is practically 
absent, but there is a layer of fat (blubber) under the skin for maim- 


Fig. 597 A whale with an clephant inset. 


taining temperature. Pinnae and scrotum are lost. Cervical vertebrae 
form a single bone of thin plates, so there is no neck. Fore limbs 
often have extra digits and form paddles, hind limbs are absent, there 
is a flat tail with horizontally expanded flukes. Nasal opening lies far 
back on the head. They are carnivorous and gregarious, e.g. Phocacen4 
(porpoise), Platanista (Ganges dolphin), Balaenoptera (blue whale? 
Orcinus (killer whale). 
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Whales are of two types, toothed whales are small and have teeth, 
and whale-bone whales with no tceth but whale-bone for straining 
microscopic food from water, they are the largest livinganimals, some 
being up to 30 metres long and weighing about 80,000 kilograms. 
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Fig. 598 Giraffa —giraffc. 


Order (i) Artiodactyla—They walk on tips of their digits (unguli- Y 


of digits. The third and fourth. 


n number el 
grade) апа have) ап eve nd in hoofs, the other digits are 


digi "and equal, they € ; i 
сана Е pas UE incisors are absent, and lower ones ыс аваа 
hardened gums. Stomach is complicated with several ы ы ж 
bacteria digest cellulose. The frontals may grow out to jas earned) Воз 
year generally large-sized and herbivorous, ©-8-; Came 2 s (атай) 
(cow and buffalo), Ovis (sheep), Сар Bene Е digits but 

3) Perissodactyla—They walk on the | : ч 
MEE des E toes. The third digit 15 long Esc 
the other digits are generally lost or reduced. Incisors are p 


both jaws, but canines are found 
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simple, there is no gall bladder. They are large-sized and herbivorous, 
bacteria digest cellulose in a long caecum, e.g., Equus cabalus (horse), 
Equus asinus (ass), Rhinoceros unicornis (one horned Indian rhinoceros). 

Order (k) Proboscidea—They are an isolated group of very large- 
sized animals with thick skin and scanty hair. They have massive 
pentadactyl limbs with united digits having nails. The skull has thick 
bones with air spaces. Testes are internal. The nose and upper lip 
form a long trunk or proboscis used for transporting food and water 
to the mouth. Two upper in- 
cisors are elongated to form 
tusks of solid ivory. Canines 
and premolars are absent, there 
are three molars in each jaw, 
but only one is functional at a 
time, e.g:, Elephas maximus 
(Indian elephant), Loxodonta 
(African elephant). 

Order (1) Primates—They 
have a blending of primitive 
and specialized characters. 
Their primitive characters in- 
clude simple teeth, pentadactyl 
limbs with locomotion on 
palms, soles and digits (plan- 
tigrade), separate tibia and 
fibula, and presence of well 

Fig. 599 Pan (chimpanzee). developed clavicles, Their spe- 
cialized characters include a large cranium with a highly developed 
brain, so that they are very intelligent, sense organs are well developed 
and hands are perfect. They are arboreal and a return to land by 
some forms is secondary. They have an omnivorous diet. The neck 
is mobile. Orbits are completely surrounded by bone. Eyes face 
forwards, they have binocular and stereoscopic vision. Limbs are 
Jong for an arboreal life. Radius and ulna move freely on one another. 
The thumb (pollex) and toe (hallux) are shorter than other digits, 
they are opposable for holding, except halluxin man. The digits bear 
flat nails. Testes lie in scrotal sacs, there are two thoracic mammae. 
"Generally a single young one is born at a time, and they show parenta 
care for a Jong period after birth. The order is very large and 10- 
cludes such varied forms as monkeys, anthropoid apes, and man 
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including his ape-like ancestors, e.g., Mycetes (howling monkey), 
Mandrillus (mandril), Macaca (monkey), Hylobates (gibbon), Pan 
(chimpanzee), Gorilla (gorilla), Homo sapiens (man). 


Synopsis of Classification 


Phylum 1. Protozoa 
| 3; 2. Porifera 
E: 3. Cnidaria 
| m 4. Platyhelminthes 
73 5. Aschelminthes | Invertebrate 
a m 6:2 Angelus Nonchordata 
| 5 7. Arthropoda 
5; 8. Mollusca Q 
p 9. Echinodermata 
" 10. Hemichordata 
P 11. Chordata 
Group I. Protochordata q 
Subphylum 1. Calcichordata DECOR 
Subphylum 2. Urochordata { Chordata 
Subphylum 3. Cephalochordata | 
Group II. Vertebrata 
Superclass A. Agnatha 
Class 1. Cyclostomata 
Superclass B. Gnathostomata 
. Class 1. Chondrichthyes Y 
Class 2. Osteichthyes \ Pisces 
Class 3. Amphibia 
> Class 4. | Reptilia Tetrapoda 
Class 5. Aves 
| Class 6. Mammalia 


India’s Wild Life Preservation 


India has a rich wild life heritage, 
criminate hunting for fun and money, 


of more production of food have reduced the 
40 species of birds and 22 species of 


endangered. Government is taking 
angered species through several . 


i Today, 69 species of mammals, - 
reptiles and amphibians are highly 


but many factors such as indis- 
and deforestation in the name 
wild life population. 


necessary steps to preserve the end 
projects and rehabilitation programmes. — ; ЕСС 
One such project, known as the “Project Tiger", initiated by late 


Mrs. Indira Gandhi in 1973 has been a great success. Once tens of 


> 
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thousands of Royal Bengal Tigers roamed our forests. But between 
1900 and 1970, their numbers were reduced to about 2,000. This 
Prince of the forests became so rare that a cured hide could bring 
$ 10,000 in the foreign market. Project Tiger has spent Rs. 15*7 crores 
to create 15 tiger reserves. Within a decade, the number of tigers 
in India has more than doubled, and today there are 4,000 tigers of 
which 1,100 live in the reserves. To save the tigers we have to 
maintain forests, and the deer; and to maintain the deer population 
we have to preserve the soil and water. 

The Asiatic lion has been considerably reduced in number. 
Today, we are preserving this nearly extinct animal in a tiny pocket 
in the Gir forests of Gujerat. 

Crocodile skin is much valued in the foreign market. Govern- 
ment of India has banned the killing of our crocodiles and 
gharials. In 1975, a mere four were left in the Ganga, and around 
44 were counted in the Ghaghra, Narayani and Ramganga river 
systems of Uttar Pradesh. To protect them and increase their popu- 
lation crocodiles were bred in captivity for the first time at Orissa 
Nandankanan Sanctuary. Today, they breed naturally in the Gandak 
and the Girwa rivers. Other centres of breeding gharials and croco- 
diles are at Kukrail in Lucknow and Katarniaghat in Bahraich. 
Gharials’ population in U.P. has reached 2,500. 

Great Indian bustard, Ardeotis nigriceps, once in tens of thousands, 
has been reduced to some hundreds because of too much hunting 
and habitat destruction. In 1980, the Government set aside, 3,182 
square kilometres of districts of Jaisalmer and Barmer in Rajasthan 
for the Desert National Park for this bird. 

In 1960, there were 550 golden langurs (Presbytis geei) along the 
Bhutan border between the Sankosh and Manas rivers. Today, 
about 1,000 live in the Himalayan foothills, Deforestation and 
upcoming cattle pastures are slowly, but steadily forcing the golden 
langurs into better habitats of Bhutan. 

The three Asian species of Rhinoceros unicornis have been hunted 
with steel-tipped bullets for the hide and the horn, the latter believed 
to be medicinal. They were on the verge of extinction before they 
were protected in Kaziranga Rhino Sanctuary in Assam and Dudwa 
National Park in U.P. In Dudwa, there are about 1,200 rhinos safe 

“ from poachers. : 

Another animal sought after by hunters for ivory is the Indian 

elephant, Elephas maximus. The costly ivory, often called «white 
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gold" is obtained from the teeth (tusks) of the male elephants. A 
medium-sized tusker is worth between Rs. 60,000 to Rs. 120,000. 


Some elephants are now protected in the forests of Western Ghats. 


ll. 


A suitable reserve area is being surveyed for this valuable animal. 


Questions 

Discuss the principles of classification of animals. 
Name any two phyla of Acoelomates and any two of Coelo- 
mates. Give their characteristic features and common examples. 
Classify phylum Cnidaria upto orders, giving special features of 
each grade and examples. 
Differentiate between : 

Diploblastica and Triploblastica, Crustacea and Arachnida, 
Pisces and Tetrapoda, Agnatha and Gnathostomata. 
Assign the following to their places in the Animal Kingdom and 
grade them down to genera : 

starfish, jellyfish, cuttle fish, devil fish, cray fish and dog fish, 
Name one mammal that lays eggs like birds. Discuss its inclu- 
sion in class Mammalia. 
Name a flying mammal and some other vertebrates besides birds 
which have a similar characteristic habit. 
Give the names of 4 poisonous and at least one non-poisonous 
snake of India, 
A hood is formed ina snake. Say how and when a hood is 
formed. Name this snake and write its characteristics. 
Compare and contrast the structures that enable a bird, a bat, a 
flying lizard, a flying frog anda flying fish to fly or glidein the a'r. 
How would vou identify these from one another : NA 
a snake, an earthworm, a limbless lizard and a limbless amphibian. 
On a field trip you collected a number of animals, how will you 
assign the following to their correct places in the animal 
kingdom: ат 
(a) an animal with 4 pairs of legs and body divided into two 

major divisions; oe : 
(b) a small blackish animal slowly climbing a tree trunk with- 
out a leg, but leaving a trail of mucus; 

(c) a brown cylindrical animal without legs but with fine over- 


lapping scales on the body; 
(d) a el egg-shaped, brightly coloured and spotted animal 


with three pairs of a 
Which of these are odd-toed mamma s: 4 
Rhinoceros* / Giraffa / Equus* / Elephas / Camelus / Ovis 


Which of these are not mammals : i 
sea cow / sea horse* / sea lion / sea hare* ? 
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Which of these is not an invertebrate : 
starfish / jellyfish / dogfish* / devilfish ? 


Enumerate the distinguishing characters of Phylum Annelida. 
Write name of the phylum and class in which ‘scorpion’ is included. 


How will you differentiate between (i) a very large fish from 
a seal, (ii) amoeba from the trophozoite of dysentery amoeba.? 
Which common Indian frog has double vocal sacs ? (*Rana 
cyanophlyctis) 
Who of these was regarded as the Dictator of Biology ? 
Aristotle / Mendel / Darwing / Cuvier* / Lamarck. 
The biggest contribution to Taxonomy came from— 
(а) Darwin, , (b) John Ray, 
(c) Carolus Linnaeus*, (d) Hooke. 
In the early 19th century an animal was discovered which had 
the following characteristics :— 
(a) itlaid eggs and it gave milk to its young; 
(b) it had four legs and a vertebral column; 
(c) it could regulate its body temperature to some extent; 
(d) it lived mostly in water, but often came out on land. 
To which group you think it belonged : 
Reptilia / Amphibia / flightless bird / primitive mammal* 
Who was the author of Systema Natural published in the 18th 
century ? ; 
Darwin/ Linnaeus*/ Hugo de Vries/ Aristotle. 
Mammal that moves over trees upside-down : 
monkey/ rat / sloth*/ cat. 
“Portuguese-man- of war" is a common name for : А 
a sponge/ а colonial cnidarian*/.a solitary cnidarian / а soldier 


of Portuguese war. (CPMT-1985) 
A post-anal tail is absent in : 

rabbit/ lizard/ earthworm*/ snake. (CPMT-1985) 
The basic unit of classification is : 

genus/ phylum/ species*/ order. (CPMT-1989 


Which one of these is the most primitive mammal :— 
armadillo/ ant-eater/ spiny ant-eater*/ scaly ant-eater. 
* (CPMT-1986) 


Ай alimentary canal is absent in the animals belonging to the 
class : 


Apoda/ Cestoda*/ Gastropoda/ Arachnida. (CPMT-1984) 
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Which of the following phyla is found only in sea water : 
Protozoa / Porifera / Coelenterata / Echinodermata*. 

(PMT—1990) 
Which of the following scientists made significant contribution 
in the field of classification :—Oparin / Linnaeus* / Lamarck / 
Pasteur. (PMT—1990) 
Portuguese man-of-war is :—soldier of world war I / Portuguese 
soldier / a sponge / a polymorphic cnidarian* (PMT—1990) 
Which one is not a vertebrate : Oryctolagus / fish / sparrow / 
Amphioxus*. (PMT—1990) 
The head of a cephalopod mollusc is derived from : the ctenidia / 
mantle / radula / foot*. id 


CHAPTER РА! 2 


| 
| 


Individuals of any species are generally like the parents that pro- 
duced them, or children tend to resemble their parents. No doubt 
children resemble their parents, yet it is seen that they are not their 
exact duplicates. Thus here we encounter two entirely different pheno- 
mena that are called heredity and variation. By heredity 1s meant 
the transmission of like qualities or characters from one generation 
to the next, it is the genetic continuity between successive generalions. 
By variation, on the other hand, we mean all departures from a com- 
plete similarity between individuals of the same species, the differen- 
ces that permit us to distinguish between two individuals of the same 
race, or between the offsprings of same parents. Characters that 
pass from the parents to the offspring are called traits or hereditary 
characters, a study of such characters and the way they are trans- 
mitted from generation to generation is known as the science 0 
heredity or genetics. 

The effective foundations of genetics were laid in 1865 by Gregor 
Johann Mendel (1822-1884), an Austrian monk trained in Mathematics 
as well as in Biology. He cross-pollinated hundreds of red (WW) and 
white (ww) flowers of the true breeding species of garden pea piet 
sativum which is normally self-pollinating, these he called the parenta 
generation which is indicated now by the symbol (Р). By d 
breeding was meant that the pea plants selected by Men © 
for experimentation were producing the same traits or регеш 
characters under study for many generations : їп other words Me É 
made sure that the members of the parental generations Were Dal 
and not hybrids or of mixed breed. Mendel knew very We! elf- 
_ pea flowers were self-pollinating. So when һе wanted to avoid A 9 
pollination, he removed the stamens from the flower to be of sti 
pollinated before its own pollen were mature. Later, when the DS 
of this flower was mature, Mendel transferred pollen from ano 


* 
CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


иу 


^ ^ 


HEREDITY 849 


plant chosen for that particular crossing experiment. Their seeds 
were collected to grow the first filial generation or (F;), these were self- 
pollinated to produce offsprings of the second filial generation or 
(F,). Besides the red or white flowers Mendel considered several 
contrasting characters, such as tall or short plants, and green or 
yellow seeds; these contrasting characters are now called alleles or 
allelemorphs. After many years of experimentation Mendel concluded 
that, (a) the flowers of the first filial generation had both characters 
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of redness and whiteness (Ww), though only one of these was visible, 
Mendel called such individuals of the offspring having dual charac- 
ters as hybrids; (b) that something takes place by which the two traits 
(redness WW and whiteness ww) are segregated or separated in the 
next filial generation. s 

Mendel’s data from self pollination of Г, pea plants 


P, cross F, plant F, plants actual ratio 
5,474 round i 
1. | Round x wrinkled all round | 1,850 wrinkled| 2:96 : 1 
Eg seeds 7,324 'Total 


; 6,022 yellow 
2. | Yellow x green seeds all yellow | 2,001 green 3:01 : 1 


m ___| 8,023 Total | _ 
3 all 705 coloured 

3. | Coloured x white seed | coloured 224 white 3:15 : 1 
eq coats 929 Total 

428 green 
4. | Greenxyellow pods all green | 152 yellow 2:82 :1 
E Run de 

| 787 1оп 

5. | Long xshort stems alllong | 277 Sors 2:84 : 1 


. These experiments are graphically represented in the accompany- 
ing chart and here thus :— 


Red flowers x white flowers ........Parents (P) 
(pure) { (рше) 
All red flowers. ............... first filial 
(hybrids) generation (F3) 


| | 
Red Red Red White „< -Second filial 
generation (Ез) 
In every case Mendel found that if two contrasting pure forms аге 


crossed they produce hybrids in which only one of the two contrasting 


characters appears, thus one he two characters which appears in 
F, generation is called dominant, while the other which is hidden an 


does not show is recessive. When the hybrids are crossed amongst 
themselves they produce individuals of F, generation in which domi- 
nants and recessives are approximately in the ratio of three to 010: 
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From all these experiments, he deduced two things —@) That there 
is ‘something’ in the gametes of parents which is responsible for the 
appearance in the offspring of a particular character. Mendel consi- 
dered gametes because the offspring receives only gametes from the 
parents. This ‘something’ Mendel called a germinal unit or a factor. 
(2) That the recessive character in the hybrids though invisible remains 
unaffected, since it becomes visible in the next generation. 

In 1866 he announced the results of his work on inheritance in the 
journal of a local Natural History Society, but his work was left 
without recognition till 1900 when its significance was realized by 
several workers who found similar results in their experiments on 
inheritance. Views of Mendel are recognized “as Mendel's Laws of 
Heredity or Mendelism. ы 

First Law—The law of segregation 

The individuals of the first filial generation are all red (hybrids), 
and that of the second filial generation are both red and white in an 
approximate ratio of three to one. Out of these three reds only one 
is pure because it produces only reds in the next generation, whereas 
the other two reds are hybrids because they produce both reds and 
whites. From this it becomes clear that the hybrids have two factors or 
germinal units of a particular character. From this Mendel deduced 
his first law ‘that from a pair of contrasting characters (alleles) only 
one is present in а single gamete, and ons characteris dos in 
the other recessive in Р„ and in F, these characters are segregated in 
the ratio of three to one; | 


Second Law—The law of independent assortment 
of germinal units : 


Mendel proceeded with experiments taking more than one pair of 
contrasting characters, he considered the colour of seeds and the form 
of seed coat, and took yellow round seeds, and green wrinkled seeds 
which are of contrasting characters. After cross-pollination between two 
sets of plants grown from such seeds, it was observed that their seeds 
were all round and yellow in the first filial generation, obviously show- 
ing only dominant characters. Self-pollination amongst the plants 
of the first filial generation produced seeds of four different types in 
the second filial generation, they were round yellow, wrinkled yellow, 
round green and wrinkled green, in the proportion of 9 round yellow, а 
3 wrinkled yellow, 3 round green and 1 wrinkled green. These 
experiments show that rounded form does not remain always with 
yellowness, but it can combine with greenness as well, similarly, wrinkled 
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form can go with yellowness. From this Mendel deduced his second 
law that ‘when there are two pairs of contrasting characters, then 
the distribution of each pair to the gametes is independent of the 
distribution of the other pair of characters, or that each of a pair of 
"Characters may combine with either character of the other pair’. 


This may be shown graphically. 


Round yellow X Wrinkled green ....... .. Parents (P) 
аПтоша first filial 
yellow generation (F,) 
X 
l 
| 1 | 2l 
Round Wrinkled Round Wrinkled 
yellow yellow green green... .Second filial 
9 3 3 1 generation (Ез) 


Whereas, all Mendelian crosses in which only one pair of contras- 
ting characters is taken into consideration at a time are called mono- 
hybrid crosses, and those in which two contrasting pairs are considered 


at a time are called dihy- 
brid crosses. Similarly there 
can be trihybrid etc. 
Chromosomes—In meio- 
sis each gamete receives 
one chromosome from 
every homologous pair of 
chromosomes found in 
somatic cells. In fertiliza- 
tion the zygote receives 
an equal number of chro- 
mosomes from each parent, 
these chromosomes bring 
all hereditary material. 
A chromosome contains 
two closely applied threads 
of chromatin called chro- 
matids or chromonemata, 
each chromatid has a linear 
"series of particles of diffe- 
rent sizes called chromo- 
meres composed of a 


CHROMOMERES 
CARRYING 


CGHROMONEMATA 
ad 


Fig. 601 A chromosome (in prophase): 
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nucleoprotein called deoxyribonucleic acid (DNA in short). Chromo- 


meres are in pairs, one on each chromatid, lying opposite each other. 
The chromomeres contain particles of DNA called genes or factors. 
A gene is defined as a chemical unit of heredity which is transmitted 


in a gamete, and it controls the formation of a single cl character in the 


offspring. Each chromosome of a gamete has genes in pairs, one 
from the male and the other from the female parent. 

Monohybrid cross—A monohybrid cross is that in which the parents 
differ in only one pair of alleles or genes. If a guinea pig with a black 
coat (BB) is crossed with a guinea pig having a white coat (WW), the 
F, generation called hybrids will be all black, because black is domi- 
nant over white. If F, blacks are interbred, the F, generation will 


SURE BLACK | BLACK CASE | PURE wHiTe 


HYBRIDS 
Fig. 602 Monohybrid cross. 
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have a ratio of three blacks to one white. But only one of the three 
blacks is genetically pure with no gene for white and it will breed true. 
The other two blacks have the recessive white gene and will breed 
among themselves like their parents of Fy. The one white guinea 
pig of F, will also breed true since it has no gene for dominant black. 

In Mendelian tabulations the dominant character is often represen- 
ted by a capital letter, as B for black, and the recessive character by 
the corresponding small letter, such as b for white. 

If parental generation P is genetically pure, then its members will 
have two similar genes for each hereditary character because their 
chromosomes have come from both parents. Thus the hereditary 
constitution of black guinea pigs of P will be indicated by BB, and 
that of the white one by WW or bb. 

Mechanism of Heredity— The causes of Mendelian ratio 

In nieiosis reduction division takes place in the formation of gametes 
and separation of homologous chromosome pairs takes place. Mendel 
knew nothing about this, though he inferred that segregation was £0- 
ing on in the germ cells of both parents of crossbred forms. WS. 
Sutton. (1876-1916), an American geneticist, after studying the behavi- 
our and distribution of chromosomes during meiosis, i.e. at the time 
of formation of gamete cells (sperms and ova), concluded that а 
gamete has the gene for only one of the two contrasting characters, 


but not the genes for both, or the gametes are pure, and the . 


maternal and paternal characters are segregated at the time of 
gamete formation. Thus in F, half the eggs of a female guinea ple 
will have black-producing genes and the other half will have white 
producing genes. Similarly, the male will have black or white-produc- 
ing spermatozoa. When two crossbred animals of F, are mated, 
law of chance will produce four possible combinations as shown in the 
diagram (593) of Monohybrid cross. 

‚ Out of these four only one will have two genes for dominant black 
and one will have two genés for recessive white, these two Wi 
similar genes or alleles are called homozygous, they are BB and WM: 
The other two blacks have onc gene for dominant black and one gene 
for recessive white, these are called heterozygous, they have |, | 
milar genes, they are black but carry the recessive Ben? for W 
they are BW. · Тһе homozygous black and white will breed A 
when mated to similar pure types, but the heterozy£ 
when crossed together will always yield three types 1BB; 2B 
IWW, because their gametes are of two types in each зех. 
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Animals which appear alike in body characters irrespective of their 
genetic make-up are said to be phenotypes, е.р., guinea pigs with BB 
and BW genes are phenotypically the same because they both look 
black. Animals of similar genetic constitution are said to be genotypes, 
e.g., guinea pigs of BB or WW are genotypes, but the black BB are 
different genotypically from the black guinea pigs of BW. Thus out of 
two animals which appear alike onc breeds true because it is homo- 
zygous and the other does not because it is heterozygous. The appea- 
rance of an organism, regardless of its genotype, is referred to as its 
phenotype. Similarly, the genetic constitution of an organism is called 
its genotype. е 

Dihybrid cross—A dihybrid cross is that in which parents differ ` 
in two pairs of contrasting characters or allelcs, or two pairs of in- 
dependent genes are inherited. If a guinea pig with black colour and 
rough hair is crossed with another having white colour and smooth 
hair, then black colour and rough hair are dominant over white colour 
and smooth hair. The dominant black colour is represented by B and 
recessive white by b, and dominant rough hair by R and recessive 
smooth hair by r. The black rough guinea pigs will be represented by 
BBRR, and the white smooth ones by bbrr, then each sex can possibly 
produce four kinds of gametes, they are BR, Br, bR and br which give 
rise to F, on crossing, these F, will be dihybrids. When the F, dihy- 
brids are mated, there will be sixteen possible combinations in F, : 


BLACK ROUGHS 


Fig. 603 Dihybrid Cross—F1 
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They are represented in the diagram below showing sixteen possible 
combinations in Е, : 


“ 


«$ 
/ BLACK SHORT-HAIRED 


GENERATION HETEROZYGOTES 


Fig. 604 Dihybrid cross—F4 
Out of these sixteen only four types appear different a 
phenotypes, .i.¢., there are 9 black roughs, 3 black smooths, 
roughs, and 1 white smooth, this is because all heterozyg° 12 
dominant, homozygous look alike. In other words there are 2+ En 
. rough, 3+1=4 smooth, 9--3—12 black and 3+1=4 white. 


nd are 
3 white 
us and 


, t 
ratio of 3 dominant to 1 recessive persists according to Мелі ә PE 


law. But out of the sixteen of F, there are 9 different 2007 d 
having the same genetic constitution, i.e., there are four BbRr; 
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each of BBRr, BbRR, Bbrr and bbRr; and only one each of BBRR, 
BBrr, bbRR and bbrr. 


Incomplete Dominance 

In all Mendelian crosses described so far, one character is domi- 
nant and the other recessive. Mendel held this phenomenon strictly 
and described it as his third law, the law of dominance. Later 
works on problems of heredity have shown that the law of dominance 
is not of universal occurrence and there are many instances of incom- 
plete dominance in which the joint effect of two alleles is intermediate 
in F, In mating black and splashed white Andalusian fowls the re- 
sultant individuals of F, are all blue, and on crossing these the F, will 


2 
Fig. 605 Incomplete dominance in Andalusian fowls. 
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have one black, two blue and one splashed white, whereas according 
to the law of dominance there should have been three blacks and one 
splashed white. s 

The homozygous dominant is black, the blue individuals are hetero- 
zygous, and the homozygous recessive is splashed white. The hetero- 
zygous blues can easily be recognized from the homozygous black. 
Mendel’s first law of segregation applies in incomplete dominance 
also. Incomplete dominance or blending of two contrasting charac- 
ters is rare, but the character of a gene is not changed even in blending. 


Other laws of heredity 


Since the discovery of genes a number of other laws of heredity have 
been established, resulting mainly by the efforts of a great American 
biologist T. H. Morgan who made the fruit-fly Drosophila the classic 
tool of his vast studies. The fruit-fly was selected because it 
breeds rapidly, attaining maturity in twelve days; 30 generations 
can be bred ina year. It lives on a simple mash of bananas and 
has clearly marked mutations. Morgan’s first success came in April 
1910 when there suddenly appeared a fruit-fly with white eyes, 
normally the eyes are red. Breeding the solitary abnormal white- 
eyed fly with normal females, he soon had 1,237 offsprings—all red- 
eyed, for red was dominant to white. But in the following genera- 
tion of 4,252 flies, 782 were white-eyed. He found many such 
characters which appeared together or not linked together, and 
some are associated with sex chromosomes. Some such findings 
became new laws of heredity as given below : Я 

1. Linkage—Many groups of two or more genes tend to be I 
herited together. Such genes are present on the same chromosome 
and are said to be linked, or to constitute a linkage group. Explanation 
of such linkage group is found in the structure of chromosomes. There 
are far more hereditary characters in an individual than there 210 
chromosomes in it, in other words, each chromosome carries the genes 
of a large number of hereditary characters, for instance in Drosophila 
rhelanogaster (fruit-fly) there are only eight chromosomes in each 30027 
tic cell, but they carry as many as 2,500 genes. Тп general the number 
of linkage groups which segregate independently of the other linkage 
groups cannot be greater than the number of pairs of homologo“ 
chromosomes (or the haploid number). For example, in maize there 
are 10 pairs of homologous chromosomes and 10 linkage groups also; 
in peas 7 pairs of chromosomes correspond to 7 linkage groups; 519 
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larly man has 23 linkage groups. With the study of number of linkage 
groups in a species, the number of chromosomes can be predicted. 

According to Mendel's second law there is an independent assort- 
ment of genes, but in linkage many groups of two or more genes are 
transmitted to the offspring without being segregated at the time of 
gamete formation for many generations together. Four linkage groups 
have been found in Drosophila, and three of them comprise more than 
100 genes each. The genes in any one linkage group are transmitted 
together but independently of the genes,in the other linkage groups. 

In the same fruit-fly Morgan found that the genes for the colour of 
the body (black or grey), and for the size of wings (short or long) are 
linked together and are passed on as such in the majority of offspring 
for many generations. This tendency of genes to stay together in here- 


ditary transmission is called linkage, Mendel happened to hit upon 
those pairs of genes which are not linked or resident in the same 


chromosome pair, thus he discovered the principle of independent 
assortment; this second law is not applicable if the linked genes are 
on tbe same chromosome. However, it is not a strict rule; linked 
genes can be segregated. 

2. Crossing over or incomplete linkage—Linkage is occasionally : 
broken. Such breakage of a former linkage association, with the 
consequent formation of a new linkage, is termed crossing over and 
the new combinations that result are termed cross-overs. Crossing- 
over takes place during meiosis when the homologous pairs form 
synaptic pairs and again separate. It is during this pairing and sopa- 


OCOOBOOOCOOO е 
Тее еее 1600660000060 


“ 
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POSTSYNAPTIC CHROMOSOMES 
Fig. 606 — Crossing-over jn chromosomes. Е 2 
ration that some part or parts of one partner of a homologous pair, 
of chromosomes are exchanged with corresponding parts of the other, 
or in other words, an equal exchange of genes occurs between | homo- 
logous chromosome, pairs during synapsis. 
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point of a chromosome interferes with and prevents crossing-over at 
neighbouring points. In crossing-over a mixing of paternal and 
maternal characters occurs, and new characters arise in the offsprings 
which are different from either parent. 

3. Linear order of genes—Sturtevant first discovered all the genes 
within one chromosome are arranged in a definite linear order. Each 
gene thus has its own precise location or locus that will be occupied 
only by that definite gene. It is generally those genes with distant loci 
that cross over in a homologous pair of chromosomes but: not the 
adjacent ones. 

One of Morgan’s ablest co-workers was his wife Lilian who, 
having inferred the possibility of hermaphroditism in Drosophila, 
found the first hermaphrodite in 1922. 


See | 
Somatic (diploid) cells Of animals have a fixed number of pairs of 


chromosomes for each species. In the somatic cells of males these 
chromosome pairs are all homologous except one pair. This pair has 
two dissimilar members, one of these chromosomes is called an X 
chromosome and the other a Y chromosome, thus a male is designa- 
ted аз XY. The Y chromosome may be smaller and different in 


shape. Y chromosome is usually genetically empty. As a male always 
Ser 755 


\ 


a 
` 
b 
A 
— = 
[4 
-- e 


` 
é 
` 
(#5) 
Ly 
o 
` 
` 
= 
gi 


BOY 
Fig. 607 Sex determination in man. 
(only sex chromosomes are shown.) d 
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receives his Y chromosome from his father, he cannot inherit any of 
his father’s sex-linked traits. These X and Y pairs are sex chromo- 
somes and they are known as heterosomes, while the remaining pairs 
of homologous chromosomes of a cell are called autosomes. In the 
somatic cells of females all chromosome pairs are identical, they have 
a pair of X chromosomes because they have no Y chromosome, thus 
a female is designated as XX. Asa result of gametogenesis the male 
animal produces two different kinds of sperms, one kind will have 
an X chromosome and the other a Y chromosome. But the ova 
produced in oogenesis are all alike, each has an X chromosome. 
Drosophila, a fruit-fly, has 8 chromosomes, of, these three pairs are 
identical in both sexes, but one pair is not. Human somatic cells 
have 46 chromosomes, man having 22 pairs of autosomes and one 
pair of heterosomes, while a woman has 23 pairs of homologous 
chromosomes. In meiosis the chromosome pairs segregate, so that 
each egg has 22 autosomes and one X chromosome, while sperms 
have 22 autosomes and either an X or a Y heterosome, thus there are 
two kinds of sperms. Sex of the offspring is determined by the kind 
of sperm that will fertilize an egg. The X and Y sperms are pro- 
duced in approximately equal numbers, and either kind has an equal 
chance of fertilizing an egg. If the egg is fertilized by an X chromo- 
some sperm, the zygote will have XX chromosomes and it will develop 
into a female. If the egg is fertilized by a Y chromosome sperm, the 
zygote will have XY heterosomes and it will develop into a male. 
Recently the gene in the Y chromosome responsible for determining 
the sex has been identified and named SRY gene. 4 iei. 

In some animals the sex is not determined by the sperms. In birds, 
and some insects all the sperms are of one kind only but there are two 
kinds of eggs, so that males аге XX and females are XY, in such cases. 
the type of egg will determine the sex of the offspring. 

Sex-linked inheritance—The sex chromosomes (heterosomes) not 
only have the genes for sex but they also carry genes for some recessive 
characters, such characters are said to be sex-linked, and they may bs 
possessed by either sex. The character is sex-linked when its репе 18 


carried in the X chromosome of a male or female. The inheritance of 


these characters is different from the inheritance of those characters 
whose genes are on autosomes. The pattern of heredity of sex-linked 
characters does not follow Mendel’s laws because his results require 
the presence of pairs of similar genes in both sexes. The mode of 
inheritance of sex-linked characters is clearly accounted for if we 
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suppose that their recessive genes, as well as their dominant alleles, 
are located in the X chromosome. If a gene is carried on the X 
chromosome of a male, then it has no allele in the Y chromosome; 
in other words, it may be remembered that sex-linked genes are 
' absent from the Y chromosome, however, exceptions cannot be ruled 
. out (see “hairy ears" ahead). : | 
` In the-fruit fly Drosophila melanogaster the eye-colour is sex-linked 
and the normal eye-colour is red. Morgan found one fly which had 
' white eyes. This white-eyed male (the white-eyed condition is con- 
fined to males) was mated with a pure red-eyed female. Tt was found 
that all the flies of F, are red-eyed, but their females have the gene 
for white eyes, while the males do not because they receive their X 
chromosome from the mother. When these F, flies are interbred, the 
F, flies have an average of two red-eyed females, one red-eyed male, 


and ons white- MAEMO H $ NORMAL FEMALE 
eyed male. In PHILIC MALE 
other words, x 
only half of the 
males, but none 9976 
/ У >? СА I \ 
of the females, ү, 07 pak 
have white eyes / (pone ete oS 


> \ 


\ 
‚ like their grand- S 
‘N 


/ Pd N74 
, 3 x 
^41 ГАКА \ 
father. Thus the / > 24 4 ae 
appearance of 
the white-eyed 
character is 
OAUGHTER DAUGHTER 


; Rn 
linked with the NORMAL sow (CARRIER NORMAL SON (CARRIE 


male sex, but is ү, : PE ilic father 
оро Ре 99 sine e ee 
gh the female. with gene of haemophilia. к: 

Sex-linked characters are known in a number of animals. Some 
common sex-linked charactersin human beings are haemophilia, colo Me 
blindness, and a kind of night blindness. Haemophilia is 2 condition 
in which blood fails to coagulate or coagulates very slowly after 97 
external or internal injury. Some persons with haemophilia сап 5$ 
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the defective X chromosome sperm, then all his sons escape the disease 
because they are conceived by his Y chromosome sperms, but all his 


CARRIER FEMALE NORMAL MALE daughters will be 


` ‘carriers’ of the 

x disease because 

they have been 

a He ` conceived by his 
[] 


defective X chro- 
A A M Ч \ mo some sperms 
P d S (Fig. 608). Ifa 

1 carrier female 


mates with a nor- 
mal male, then 
she will produce 
about half hae- 


HAEMOPHIEIC NORMAL CARR ERR NOR MAL. 
OAUGH DAUGE mophilic and half 


Fig. 609 Inheritance of haemophilia with normal father and 
carrier mother. Encircled X=chromosome with normal sons, and 
gene of haemophilia. about half carrier 


daughters and half unaffected daughters ( Fig. 609). E 


Colour-blindness is a condition in which a person cannot distinguish) 
red colour from green; it 2» 

occurs in about 8 per cent 
of males but rarely in 
females. It is caused due to 
lack of pigment in the 
retinal cone cells, Inability 
to perceive green colour is 
called — deuteranopia and 
inability to perceive red is 
known as protanopia. Colour-blindness is а recessive character; its 
gene (as well as its dominant allele) is located in the X chromoso- 
mes of gametes. Colour-blindness is transmitted from a colour-blind 
man through his daughters who have normal colour vision to about" 
half of her sons only. 

One kind of night-blindness (inability to see in dim light) is 
hereditary. It affects only men, but women transmit the disease. 
The daughter of a night-blind man and his normally sighted wife 
is likely to pass the defective gene to one of her sons (by 2 husband 
whose sight is normal) . hi 


g 
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Nephrogenic diabetes insipidus (N. D. I.) was brought to medical 
attention 30 years ago. N.D.I., like haemophilia, is inherited through 
females but appears only in males. Affected persons are called 
«water drinkers”. The disease is characterized by polydipsia (exce- 
ssive thirst) and polyuria (excessive formation of urine), but there 
is normal secretion of antidiuretic hormone of pituitary. 

Sex-limited characters—It has been emphasized again and again 
that sex-linked genes are absent from the Y chromosome. But often 
we come across characters which are almost limited to one sex, ie. 
males. One such character is the presence of a tuft of hair sprouting 
from the pinna of the ear. This is quite common amongst Indians 
and seems to be exclusively to the male sex. Similar is the character 
of baldness; bald women are very rare while bald men are quite 
common. These examples are of "sex-limited" characters and their 

genes must be borne on the Y chromosome. 

Genetic Change—Mutations 

It can be realized now that any change in the base sequence (i.e, 
purines and pyrimidines) in the DNA molecule will affect the sequence 
of bases in the m-RNA; this in turn will lead to a change in the 
genetic instructions contained in the m-RNA and thus to the for- 
mation of protein with different properties. -An altered protein may 
lead to functional changes and a marked change in the organism. 
Such small genetic changes are called mutations. They are the raw 
aterials on which evolutionary change depends. The new or 


altered protein may be a new enzyme, making some reaction possible. 


which was hitherto not possible. With this enzyme the organist 
. шау hydrolyze a new substance to survive in conditions SO far fa 
to its ancestors. By slow accumulation of many such genetic chan- 
ges, the genetic and outwardly physical constitution of an organism 
may change indefinitely and make it so different from its ancestors 
that then it becomes a new species. 
Modern view of the gene—In the preceding description of gene, 

we have seen gene as a unit of function (protein synthesis), à unit н 
transmission (self-replication) and as а unit of mutation ( geneti > 
change). Each aspect of gene function is quite different from \ 
other; hence gene must no longer be regarded as an indivisible N 
but rather a ‘functional unit’ composing a segment of the es 
mosome and possessing a finer structure of many smaller heredi 1 
units or subunits arranged in a linear fashion. This important ob by 
vation was made by Seymour Benzer, who was able to distinguish 
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е 
special techniques, more than опе hundred different functional sites 
arranged in a single linear order along the length of a single ‘gene’ of 
a bacterial virus. Any of these smaller units can undergo mutation 


which in turn would interfere with the function of the entire segment 
which we can call the gene. Benzer introduced the term cistron as 


the genetic unit of function and the term muton as the smallest sub- 
unit of the gene (or cistron) which can be changed or modified to . 
give rise to a mutation. A gene or cistron, therefore, consists of many 
mutons. Recon is the term used to define the smallest gene subunit 
that is interchangeable by genetic recombination (described ahead). 
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Fig. 611 Mechanism of Genetic Mutation. 


Muton has been estimated to consist of one pair of nucleotides. 

Genetic changes or mutations. Gene mutations occur when а sec- 
tion of DNA in a chromosome is not copied exactly at cell division. 
The importance of gene-changes lies in the fact that they sometimes 
result in drastic changes in the organisms which might have a survival 
value. How genes are induced to change in natural conditions is not 
known definitely, but it is strongly believed that many physical and 
chemical factors may bring about mutations. Factors which can 
induce genetic mutations in organisms are called mutagens. In labo- 
ratory conditions mutations can be artificially produced by exposing 
the organisms, may be seed-plants, micro-organisms or metazoans, 
to certain chemicals or to such physical factors as heat, ultraviolet 
and cosmic radiations. The exposed organisms, if allowed to repro- 
duce, show the *change'. Et 

By now we fully understand that DNA of the organism 1s respon- 
sible for all heritable traits, and that a part of the DNA molecule - 
A. B.—56 
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responsible for coding the synthesis of one enzyme (protein) is ter- 
med a ‘gene’. If exposure to radiations, for example, brings about 
a loss in the DNA molecule of one single component of a rung 
(horizontal bar), say of thymine, when the chromosome (or DNA) 
undergoes replication, the vacant place may be occupied by any purine 
or pyrimidine. Looking in the illustration (Fig. 611) the third rung 
is affected by the removal of thymine from the chain II. On repli- 
cation, chain I, serving as a template, will produce a DNA mole- 
cule similar to the original DNA molecule. In contrast, in the 
chain II the vacant place may be taken by any of the four nucleo- 
tides A, T, C or G. If, however, the vacant place is inserted by T, 
there will be no mutation but if it is replaced by A, С or C, it will 
alter the pattern of rungs in the new DNA molecule formed from 
chain II serving asa template. Naturally, the changed pattern will 
code a different sequence of amino acids for the synthesis of proteins, 
i.e., an altered messenger RNA will be coded and it will lead to the 
formation of a different enzyme or protein. 

The effect of altered enzyme will influence the cytoplasmic struc- 
ture of the organism, which would become modified to the extent 
when mutation might be said to have occurred. 

This can be illustrated with the following example, wherein phenyl- 
alanine (amino acid) in the liver is partly built into cell-protein, and 
partly converted into tyrosine—another amino acid with the help 
of an enzyme, say, E 1. Then, a part of tyrosine is built up into cell- 
protein, a part into 3, 4-dihydroxy phenylalanine, and the rest into 
homogentesic acid. This acid is normally oxidized with the help of 
an enzyme, say, E 2, into carbon dioxide and water. Product 3, 4 
dihydroxy phenylalanine is partly used to synthesize adrenaline 


Cell Protein Adrenalin 


: E я 
Phenylalanine——> TES 3, 4-dihydroxy 
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PHENYLKETONURIA ALCAPTONURIA ALBINISM 
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hormone, and the rest is converted into a protein melanin by means . 
of an enzyme, say, E 3; melanin is a pigment. 

Now, suppose there are genetic changes and the enzymes E 1, 
E 2 and E 3 are altered, let us examine what biochemical effects they 
produce. If E 1 is altered, most of phenylalanine is not converted 
to tyrosine, instead, it is converted into phenyl pyruvic acid, which, 
if in excess, collects in the cerebro-spinal fluid and is believed to cause 
damage of the brain leading to mental retardation and other symp- 
toms of a disease known as phenylketonuria. 

Taking that E 1 was not altered, but E 2 was altered, then homo- 
gentesic acid’or alcapton will not be oxidized to CO, and water. Large 
quantity of alcapton is passed on to the kidneys which put it out 
with urine; such urine darkens on exposure to air—a symptom of the 
disease known as alcaptonuria. 

Lastly, supposing E 1 and E 2 remain normal, alteration takes place 
in E 3, then in the absence of normal E 3, melanin will not be pro- 
duced and the skin will be without this dark pigment causing albinism. 

Mutation, caused by a single gene, often produces such significant 
effects, which are worth studying. Sickle-cell anaemia is a condition 
known to be ‘the influence of a single mutant gene Si. The disease 
is common in the American Negroes and is inherited. The disease 
is caused when a child inherits two mutant genes, one from each 
parent. It was first described in 1910 by James B. Herrick. In 1949, 
Linus Pauling showed that it was due "to abnormal haemoglobin 
resulting from a single gene mutation. 

In the sickle-cell anaemia the normal haemoglobin А in the red blood 
corpuscle is replaced by an abnormal haemoglobin designated as 
haemoglobin S (HbS). Haemoglobin S is much less soluble than 
HbA,.and it begins to crystalize when oxygen concentration falls in 
the: capillaries of the tissues. This results in the change in the shape. 
of rbc, which change from biconcave disc-shaped to crescentic or 
sickle-shaped. Haemoglobin S has low oxygen-carrying capacity, 
therefore severe anaemia results. Genetically, a person suffering 
from this disease is homozygous and has two dominant genes Si Si, 
one from each parent. A heterozygous condition Si+ Si produces 
sickle-cell trait, in which HbA and HbS are roughly in the.ratio of 
70 to 30 +10. Sickle-cell trait is not so dangerous. — ^— 

Biochemically, PUES between HbA and HDS is illustrated. 
in a part of their molecules thus : ; 5 = 

In Normal haemoglobin (HbA) the peptide chain consists of valine- 


» 
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histidine— leucine— threonine— proline— glutamic acid—glutamic 
acid—lysine 

In Abnormal haemoglobin S (HbS) it is the same, except that 
glutamic acid at eighth position is replaced by valine. This single- 
gene mutation (remember “опе gene one enzyme theory of Beadle, 
Tatum and Lederberg for which they got the 1958 Nobel Prize) alters 
the property of haemoglobin and brings a change in the shape of the 
red blood corpuscles. 5 


The substitution of valine for glutamic acid can be interpreted as : 


single base change in the triplet genetic code of messenger RNA; 
the adenine member of the triplet is replaced by uracil so that the 
code changes from AUG to UUG. 


Other forms of substitutions produce other abnormal haemo- 
globins as shown in the table below : 


AMINO ACID DIFFERENCES IN VARIOUS HAEMOGLOBINS 
башар ырдо ae о ааа 


Наешо- Amino acid & code Abnormal haemo- Amino acid & 


globin globin produced code 
лоас а зоне ойе Versa чна pectuny гиле 

normal glutamic acid АОС (sickle cell) valine ООС 

normal glutamic acid AUG C, E lysine AUA 

normal valine UUG M(Milwaukee) gluatmic acid 
AUG 

normal asparagine UAA G(Philadelphia) lysine AAA 

normal lysine AUA I asparatic 

я acid GUA 


Changes in the chromosomes—Not only genes, but chromosomes 
too are subject to change or mutations. Whereas single gene or 
multiple gene mutations take place at any time of the life cycle, chro” 
mosomal mutations generally take place at the time of gamete 
formation during meiosis. It is at the synaptotene (zygotene) san 
of meiotic division that sister chromatids of chromosome come 
together and quite often non-sister chromatids are engaged in an 
exchange of genetic material. 

Four types of chromosomal mutations are possible (Fiz. 612) : 

(7 Deletion—when а part of the chromosome separates oul 
. Quite frequently such a loss results in death—that is, it is lethal. 
Since loss of a series of genes renders the organism incapable 9 


forming one or more enzymes or other fundamental proteins, this 
effect is quite understandable. 
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attached to the other non-sister chromatid. The added segment of 
the chromatid can occupy various positions, sometimes, at the end 
or sometimes between the ends. This would certainly affect sequ- 
ence of genes in the duplicated chromatid. As a whole, this class 
of changes is both more frequent and less lethal than deletions. An 
| example of this kind of change is observed in the shape of the eyes 
| of fruit-fly. Normally, the compound eyes of this fly are oval, but 
duplication of a certain segment of the chromatid results in a narrow 
| form called bar-eye. When such abnormal flies are inbred extensively, 
| an occasional individual is produced in which a second duplication 


9 
HEREDITY 869 
(ii) Duplication—owhen a part of the chromatid comes and gets 


of the same segment occurs. This results in an even narrower eye. 

(iii) Inversion—a condition in which instead of a part being lost 
or added, here a segment is merely turned upside down, so that 
the sequence of genes is changed. This form of mutation is quite 
I mE I Ig 
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| Fig. 612 Types of chromosomal mutation. - 
| frequently met with. Effects of inversion are sometimes. fatal, or 
create reduction in fertility due to difficulty in the synapsis ‘of such 
| abnormal chromosomes. ee 
| (iv) Translocation—A condition when two non-homologous, chro- ` 
matids exchange segments during meiosis. This bas serious effects 
| which may be lethal or at least create difficulties at the бше of Syna- . 
i psis, thus reduce fertility. a 

EUGENICS (HUMAN INHERITANCE) i 
| According to Nobel Prize winner William Shockley, Eugenics © 

a П 
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the science of improving the human race by_applying the known laws 
of heredity. It is an attempt to improve the human race by elimi- 
nating undesirable genes and by encouraging geniuses to have more 
children with the idea of improving the human race. The study of 
undesirable traits of the human races and the genes that cause them is 
called Dysgenics. The only answer to Dysgenics is Eugenics. Experi- 
mentation with human beings is not possible. We cannot make test 
matings in man, nor can we determine human hereditary characters 
by means of F, and F, generations. Hence an understanding of 
human characters depends on finding and analyzing appropriate human 
pedigrees. Though there are several difüculties in this, yet we can 
collect family histories in man and thus arrive at the kind of inheri- 
tance which fits the facts. Most of our knowledge of human heredity 
comes from a study of rare characters, from these we have learnt how 
these characters are inherited and what effect the environment has on 


their expression. Below are given some common human characters 
and their inheritance. ў 


2 1. Blood groups and blood transfusion 

When a foreign protein is injected into the blood of an animal, 
the cells of the animal produce a substance which will react with the 
foreign protein. The substance produced by the cells is known as an 
antibody or agglutinin, and the foreign protein which causes the forma- 
tion of the antibody is called an antigen or agglutinogen (which is usua- 
Пу a protein). The antibody and antigen react in different ways when 
brought together. Karl Landsteiner (1901), an American Pathologist, 
was the first biologist to carry the idea of antigen-antibody to the 
blood of humans. He mixed RBC from the blood of one person with 
the serum from another and found that sometimes the corpuscles 


clumped, sometimes they did not. Landsteiner explained the phenodi 


menon thus: In human beings there are two antigens in the red blood 
corpuscles and two corresponding antibodies in the plasma. These anti- 
gens are named A and B, and their corresponding antibodies аз B and 
A. A person may have both of these antigens, or he may have 007 


cne of the two, or he may have neither. The corresponding antibodies 


Group Antigen Antibody 
pereo eti 
A A anti B 
B B anti A 


anti A,B 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


HEREDITY 871 
will be absent from the plasma. Thus, there are four kinds of persons 
with regard to the two antigens, and these four possibilities are known 
as blood groups. A person having antigen A and antibody B is said 
to belong to blood group A, a person having antigen B and antibody 
A belongs to group B, a person having both A and B antigens but 
no antibodies is in group AB, (discovered later in 1902 by Decastello 


i 1 
i 1 
A —> AB серо! BLOOD GROUPS 


пот A&O |to A& AB 
B4& AB 


AB only 


trom B&O 


Universal o >B 


шт | 


~- Blood groups and Transfusion possibilities 


and Stwil) and the person having neither antigen but both antibodies 
is said to belong to group O. Whatever antigen a person has in his 
blood, the correspondingly named antibody is absent in his plasma. 
Instead, he must have the other of the two antibodies or none at 
all if he is to live, e.g., persons with antigen A have antibody B.in 
their plasma, or persons with antigen B have antibody A in their 
plasma. The inheritance of these blood groups is complicated and 
is controlled by three alleles occurring at one locus. ; 
The practical importance of blood groups lies in blood transfusion 
and in finding out the parenthood of children. Blood transfusions 


' are meant to restore health by replacing blood lost in accident, sur- 
gical operation, injury or destroyed by disease. The first successful 
to another was carried 


transfusion of blood directly from one human | 
out Бу D s Blundell in London in 1825. If a person loses E 
blood and a transfusion is given from any human, thenthe introduced 


blood may clump the red corpuscles into bunches Mam M ae ee 
through the capillaries. However, man's scientific knowledge - 
enabled him fe teat beforehand whether mechanisms in the Бү: 
stream of the recipient will reject or accept the red cells of Poe 
Hence a blood group;test is made before transfusion so that the re 


кот A, B. 
BA&O 


{rom O only А. B, AB 
&О 
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cells of the given blood are not agglutinated by the plasma of the 
patient. Persons with blood group O are universal blood donors, they 
can donate their blood to groups A, B, AB, and O, but they are un- 
fortunate because they can receive blood only from another O, indi- 
vidual. Persons of group A can get blood transfusion from individuals 
of groups A and О. Persons of group B can receive blood from indi- 
viduals of groups B and O. Individuals of group AB can receive trans- 
fusion from persons of blood groups A, B, AB, and О, hence are universal 
blood acceptors. Thousands of people and families have been examined 
for their blood groups, so that not only the blood group of any indivi- 
dual is known, but also the inheritance of blood groups is now well 
understood. It is now known that antigen A will never appear in a 
child unless it was present in at least one of the parents, similarly with 
antigen B. From these facts the application of legal medicine can deter- 
mine the parenthood of children. 

Blood groups discovery earned a Nobel Prize for Karl Lands- 
teiner. In 1923 Landsteiner further showed that besides antigens A 
and B, there are people with other antigens M and N. These result 
in three blood types : M-type, N-type and MN-type. No clumping, 
however, takes place where these are mixed by blood transfusion. 
M-type is very common in American Indians, while N-type is very 
common in Australian aborigines. A man with M-type cannot be 
the father of a child with N-type of blood. 

A rare type of blood is known as PK-type; about 21 people in the 
world are known to have this type. The serum of PK-type blood 
contains a special antibody which causes miscarriages in early stages 
of pregnancy. 

The terms ‘universal donors’ and ‘universal acceptors’, though | 
in general use, are dangerously misleading. Severe and even fatal re- 
actions may sometimes result from the transfusion of blood of groups 
О into an individual of one of the other groups. Similarly, it cannot be 
taken for granted that a person of group AB can be transfused with the 
blood from any of the other groups. This is specially risky in children, 
probably for the reason that they are transfused with relatively larg% 
quantities of blood {һап are adults; the donor’s blood, as a result, 16 
in relatively high concentration of the recipient’s blood stream. 

_ Subgroups A, and A,—Some years after the four groups were 
discovered and described, it was found (Dungern and Herszfeld, 
1911) that group A was made up of subgroups A, and Aa; 10 the 
agglutinogen (antigen) А is of two kinds—A, and Аз. Since either 
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of these might be inherited with B, there are also twó subgroups of 
AB, namely, A,B and A,B. In rare instances antibody A, is present 
in the plasmas of subgroups A, and A,B, and antibody A, in the 
plasmas of subgroups À, and A,B. The serum of the main group 
О (universal donor) may also, though very rarely, contain antibody A,. 

Antibody A, reacts strongly with the cells of subgroups A, and ` 
A,B, and less strongly with the cells of subgroups A, and A,B. The 
serum of the subject antibody A, agglutinates A, and A,B cells, but 
reacts very weakly, or not at all, with cells of subgroups A, and А,В. 
Antibody А, also reacts strongly with the cells of group О. For this 
reason fatal reaction may result from transfusion of blood from a 
so-called universal donor (O group), as showá below :— 


anti A anti А» -Group О 


Groups A; & AgB Groups As & Аз В 


Bold lines mean strong reaction, thin lines mean weaker reaction; 
broken line means very weak reaction or no reaction. 
Inheritance of blood groups follows Mendelian principles. If the 
gene for antigen A is represented by a, gene for antigen B by b, and 
the gene for no antigen by o, then the genotypes of various blood 
ups will be like this : ; 

Б Blood group— A B AB О 
Genotypes— aajao `  bb[bo ab 997 : 
Some authors refer the gene for antigen by the letter L' using 

LA, L8, LO for various blood groups. Accordingly, the 4 genotypes 

are thus : Group A=LA LA or LA LO, Group B=L® L® or L5 L9; 

Group AB=LA LB, and Group O-L? L9) ip td xn 

Alternative genotypes for A and B groups are because bot А а p 

genes are dominant o. Now, for instance, persons with groups an 

i ike these : 

Cross, fhe resulta АШ be li theses ih x : 

ab, a0 ab, bo 

i. е., Gaus AB Groups AB & A Groups AB & B 
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The other parent 


| May be [Cannot be 


aax bb 
aaxbo 
bbxao 
aoxbo 


A, B, AB 


Chart I Chart П 


In Chart І variousZpossible crosses¥and their results are shown. 

In Chart П it has been shown that if the blood group of 2 
child and one of the parents is known, the group of the other parent 
can be determined. 

„Тһе Rh Factor—In 1937, after studying the evolution of M and 
N factors in apes, Landsteiner (1940) discovered that the surface of 
the RBC in some individuals contains a protein which is also present 
in the blood of rhesus monkey, this he named the rhesus factor. (Rh 
was discovered by injecting blood cells of Rhesus monkey into rabbits, 
the Rh stands for the first two letters of Rhesus). [Itis interesting that 
rhesus monkey is the only animal with same blood composition as 0 
man.] The Rh antigen is present in the erythrocytes of a large majority 
of people. Such people who have this antigen are called Rh positive 
(Rh is a dominant gene and such people are RR or Rr, the remain- 
ing persons with no Rh antigen are known as Rh negative (they d 
тт). Rh+ and Rh- individuals are phenotypically normal. In In 
about 97% people are Rh positive. Ifan Rh negative person 18 given 
a transfusion of Rh positive blood, he/she will develop anti-Rh factom 
i.e., antibodies in his/her blood, and no harm is done, but may kill = 
person if he/she receives a second Rh positive transfusion. A mo 


^ 
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serious situation results if an Rh positive male marries an Rh negative 
woman, her first child will be safe because on Mendelian principles, the 
child will be Rh+ (dominant character) and will only stimulate the for- 
mation of anti-Rh factors in the mother’s blood. This is quite logical 
because the blood of the foetus will come in contact with the mother’s 
blood during gastation and antibodies against Rh* will be formed, 
However, enough antibodies will not be produced to kill the first child. 

In the next pregnancy the Rh* foetus will face stiff opposition by 
the anti-Rh factors already present in the mother’s blood and deve- 
loped during the first pregnancy. Anti-Rh factors passing into the 
foetal blood will déstroy its erythrocytes, causing erythroblastosis 
foetalis, anaemia and death of the baby. % ; 


Rh 


anti 
Rh factors 


Fig. 613 The mechanism of Rh incompatibility : е 
(A) shows the first pregnancy where the mother is Rh- and 
foetus Rh+. Antigen (empty circles) of the foetus stimulates 
the production of antifactors (black blocks) in the mother. 
(B) shows the retention of antifactors кн mother’s nak ж 
+ in the uterus of the same mo 
p pi pup 'The antifactors from the mother's body 
will destroy the red blood cells of the unborn child. i 
In some people the blood group is ABO, this type of ыр nie 
foetus during early. development, this occurs when the Ps ids 
the blood group O, and the foetus of the group A, B, or А res 
is also an incompatibility when the mother is of the group nd 7 
foetus of the group A. It із now known that nO Besa iyis 
tesponsiblo for deaths of unborn ни ШЕШ 
why married couples do not have © еп. m 
HLA typing ETE expensive test known as mA p єн 
is a newly practised test to confirm that such and su 
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father of the suspected child. The test involves identification of an 
antigen found on the surface of white blood cells. The HLA system 
was developed out of a search for blood groups of leucocytes that 
could form the basis of matching of tissues of the donor and the recj- 
pient for transplantations. There are genetic differences between 
donor and recipient tissues that determine the success of transplanta- 
tions. Success of transplantation grafts between the donor father and 
the recipient child confirms genetic paternity. Rejection of the graft is 
because a genetically controlled determinant possessed by the donor's 
tissue is absent in the tissue of the recipient. HLA test is available 
at the All India Institute of Medical Sciences, New Delhi. 

— Some Mysteries soived—Blood groups, new biochemical and bio- 
physical techniques, microcinematography and radioactive isotopes 
and blood analysis can now tell us more accurately about many social 
and ethnic impurities than many history books. Such studies have 
proved that despite historical changes and cultural divisions, biolo- 
gically all Lebanese are descended from the same stock. Similarly, 
we know that the American Indians are descendants of the oldest 
inhabitants of East Asia who must have crossed the Bering Strait 
many thousands of years ago. In India, the most common blood 
group is B. In the north-east, however, because most of the people 
there are genetically closer to populations of countries further east, 
the most prevalent blood group is A. The frequency of certain blood 
diseases has also established the fact of other migrations. Sixteen 
per cent of India’s Parsees suffer from G6PD deficiency (glucose-6- 
phosphate dehydrogenase enzyme), a condition also common in Iran 
from where the Parsees migrated around 650 AD. A Hindu commu- 
nity known as Lohanas living in Maharashtra, Gujarat, Punjab and 
Sind show thalassemia and haemoglobin variations similar to the 
people living near Caspian Sea in Russia; thus proving their migration 


` from there through Afghanistan and Southern Russia some 1,500 


years ago. р 
‘Some medical mysteries have been solved out of blood analysis: 
In*California some blacks, who were given an anti-malarial drug 
primaquine, suffered loss of RBC, leading to a serious or even fa 
anaemia. Likewise, in some Sardinians there was a similar collapse 


_of RBC after they had eaten broad beans, or simply passed through 8 


field of flowering broad beans. Similar thing was observed 19 


Israeli new-born children who were wrapped in clothes that had bee? 
kept in moth-balls. 
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These unrelated phenomena were later on found to liave a common 
cause—lack of G6PD in the RBC. This hereditary condition, origi- 
nally occurring in Africa, around the Mediterranean, and West Asia, 
manifests itself only when people come in contact with substances to 
which their RBC are sensitive. Some people are very sensitive to cool 
air and as they ride two-wheelers, they get a severe attack of rash, 
particularly on the face and ears. The rash, however, lasts for nearly 
an hour. 1 

2. Intelligence—It is not easy to define intelligence. Obviously 
intelligence consists of many combined traits; it is an intellectual skill 
or mental competence with a faculty for thinking, reasoning, and mak- 
ing use of past experiences for future adjustmehts. Intelligence, like 
many other characters in man, shows a continuous gradation from one 
extreme to another. Inheritance of intelligence is apparently depen- 
dent upon more than one gene. In other words, "Intelligence poten- 
jal is largely determined by the genes, and that races may x n 
their distribution of mental capacity. (William Shockley, 1970). — 

Various kinds of mental tests involving visualizing objects, reason- 
ing and memorizing have been devised to measure intelligence. The 
tests consist of a series of questions and problems of increasing diffi- 
culty. Originally the intelligence tests were designed for school chil- 
dren and now they have been standardized by measuring overall 
ability. Tests are given to a large number of people in each age- 
group. These tests assign a score of 100 to the average, yielded by a 
given population or age-group. The average score attained, say, by 
a 10-year-old child establishes the norm for the 10-year age-group, and 
any child who attains this score, whether he is 6, 9, or 14 years old, is 
said to have a mental age of 10. It is seen that children whose mental 
age is in advance of their chronological age do better in school and are 
more successful. Conversely, the children whose mental age 18 below 


their age in years are poor in school l : 
in the history of intelligence testing that children 
Mee гу years old, would have а 


whose mental age was 6 when they were 8 . 
mental age of 74 when they became 10 years old, and a mental 
age of 9 when they became 12. Thus the ratio of mental age to chrono- 
logical age remains constant, it is 3 : 4 (or 0°75). This ratio multiplied 


i i tient or IQ. To find the IQ of a child 
by 100 is called intelligence quo Q Se OD: 


divide his mental age by his chronological age and mt 
e.g. an 8-year-old child has a mental age of 6, then bis IQ is $x 100=75. 
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In short, IQ =x 100; (MA=mental age; RA=real аре). 


Some IQ levels and their designations are given below: 


IQ | Designation 
140 or more near genius or genius 
110-139 superior to very superior 
90-109 | normal 
70-89 | dull 
50-69 moron 
25-49 < imbecile > mentally deficient 
0-24 idiot } 


Shockley reported that ‘one American baby in 200 is born men- 
tally retarded with IQ below 70 and probably below 60 as a result 


of major defects in the conception, gestation or birth processes, and 


that these defects result from accidents of the reproductive process 


that are essentially independent of the parent's intelligence or socio- 
economic status. 


3. Feeble-mindedness— While normal intelligence depends on 


proper functioning of many genes, a mental deficiency known as 
feeble-mindedness is due to a defect in the functioning of any of these 
genes. One type of feeble-mindedness is known as Mongoloid idiocy 
in which a person has a round head, flat face, oblique eyes, and a 
furrowed tongue. This idiocy (Down's syndrome) is due both to en- 
vironmental conditions and to the presence of an extra chromosome 
(trisomy of the 21st pair) in the cells. Another kind of feeble-minded- 
ness known as phenylpyruvic idiocy is caused by a recessive character 
_ due to the failure to convert an amino-acid called tyrosine into 8 


- certain enzyme. Some feeble-minded persons (morons) are found 


usually in a family in which the socio-economic condition is low, thus 
it is not possible to find whether the condition is due to heredity ОГ 
to*environment. Other kinds of feeble-mindedness (imbecile, idiot) 
have a genetic basis distributed in a population without regard tO 
environmental conditions. 


_ 4. Baldness—In human beings baldness depends on heredity: 
We notice that baldness is confined largely to males and may pass 
directly from father to son. When a man is bald, he regularly trans” 
mits his baldness to about half of his sons. Baldness is not due e 
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a sex-linked ^ dominant 
character since no more 
women than men show 
baldness. Thus baldness is 
not a sex-linked condition 
but a sex-influenced charac- 
ош as 

ter. The character of bald- 
ness is dependent on genes 
which аге  sex-influenced, 
and hereditary baldness is 


: - Fig. 614 Fam histilyory of baldness, 
dominant in males and Squares— men, Circlesz women. 


Black squares=bald males, 


recessive in females. Black circlesz: bald females. 


ENVIRONMENT AND HUMAN HEREDITY : 


Many efforts have been made to discover the relative importance 
of hereditary and environmental (Nature and nurture) factors. Is 
man the product of both heredity and environment? What is 
the relation of genes to the environment in determining human 
heredity ? The question is a very difficult one, but one cannot 
separate the action of genes from the environment within which 
they act. A gene must use the material of cells, and cells are 
influenced by their environment. Genes determine the pattern of 
development, but these genes must interact with environmental factors 
at every step. Though the genetic constitution remains the same, 
the cytoplasm undergoes various changes under the joint influenc? 
of genes and the environment. Moreover, there is much evidence 
to show that if the environment is changed significantly, many 
genes will fail to produce characters which they form normally. Under 


- changed environmental conditions, the action of the same genes may 


lead to different results. Some genes, however, are less dependent 
upon the environment than others, but an individual is the result of 
the action of the environment on his genetic make-up. ~ 

The environment can influence the IQ score, but the differences of 
IQ scores are based largely on genetic differences. Judging from IQ 
tests of identical twins there is very strong evidence that it 1s the in- 
teraction of environment and heredity which determines tbe intelli- 
gence of an individual. Identical twins are those who arise from the 
same zygote, the zygote accidentally splits into two parts during its 


i identi s have 
early cleavage; consequently, such monozygotic or ien : 
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are, however, formed of two different and complete eggs developing 
simultaneously in the same mother. Such twins are called fraternal 
twins. They may be of different sex and of different genetic make-up. 
If after birth the two identical twins are brought up in different environ- 
ments and social conditions, then we can study the effects of two envi- 
ronments on the same hereditary material. 1С the genes are all important, 


then the particular characteristics of the identical twins should be the ` 


same regardless of the environment. If, however, the environment is 
& potent factor, then the identical twins brought up ditferently should 
show some outstanding differences. Various studies on twins, such 
as on height, head size, head shape, mental traits, and criminal 
tendencies, showed ‘that their genetic constitution was far stronger 
than the environment. Studies along other lines have shown that 
even when the twins were brought up separately, they still bore a 
remarkable resemblance to one another physiologically and psycholo- 
gically, but they showed differences in their intellect as measured by 
intelligence tests. lt is thus evident that environment influences the 
development of intelligence. Similarly, improvements in environmental 
conditions, including nourishment, for school-going children have 
shown increased ‘intelligence. Several factors, including complex 
social ones, have a marked effect in moulding the character of an 
individual. Genes control the course of development, but their 
potentiality can be either-expressed or suppressed by the environ- 
ment. Sociological programmes are being carried out to better the 
human race, such as clearance of slums and application of modern 
medicine, for improving living conditions. 

Consequently, in social programmes of a welfare state an essential 
factor is the amelioration of environmental conditions for a full expre- 
ssion of genetic potentialities. Once a child is born, it becomes the duty 
of society and the state to provide a more suitable environment for И. 


Questions 

Mendel is said to be the Father of ‘Heredity’. Discuss the 
statement with supporting evidence. 

Discuss Mendel’s two laws of heredity. ; 
What is meant by monohybrid and dihybrid crosses 7 Explain 
the dihybrid cross with a suitable animal example. 

Write briefly the contributions made by : 


W. S. Sutton, T. H. Morgan, Muller, Watson and Crick, 
Lamarck and Francis Galton. 


= 


py 
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0. 
5. Explain the mechanism of heredity based про the theory of 
genes. 
6. Improvement of humans through improvement of environment is: 
(a) Euthenics*, (b) Eugenics, (c) Genetics, (d) Evolution. 
7. Why and how is it that a cross between a father with curly 
.,., hair and a mother with straight hair produces neither curly nor 
straight but wavy hair in the offspring ? 
What is meant by a “back cross"? How are you going to find 
the genotype of an unknown bull ? 
9. How isitthat in the offspring some characters are after the 
father, some after mother and some altogether different ? 
10. What is the role of sex-chromosome in the determination of the 
sex in humans? © 


ll. Explain the terms : Р 
genotype/phenotype; homozygous/heterozygous; dihybrid/ 

monohybrid; test cross/back cross; sex linkage/ sex-determina- 
tion. 

12. Discuss the sequence of crosses between a haemophilic boy 
and a normal girl for two generations. 

13. What are blood groups and how is their understanding useful ? 

14. Who are universal blood group acceptors and donors and why ? 


15. Explain Rh-factor and discuss its significance. 
16. Whatis meant by mental age ? How is IQ calculated ? IQ of a 
person is about 66, his mental age is 10, find his real age. In 
- what mental category will you put him ? 
| 17. Is baldness hereditary ? Discuss a case of a family in which 
| baldness seemed to be hereditary. ў 
18. 50°% of the daughters and 50% of the sons of a married woman 
| , аге colour-blind. Illustrate the condition of this disease in that 
woman and her husband by means of a sketch. j 
19. In which of these the heterosomes arc found in the female in- 
dividual : 
man | bird* / fruit-fly / monkey. 8 і 
20. Which of these аге sex-linked : Eosinophilia/xerophthalmia/ 
haemophilia* /leukemia/carcinoma/colour-blindness’ , N.D.L 4 
21. In across between black-short baited ands Bu hupa 
i ich phenotypes are most domin - 5 
серое асаа l white short-haired / black smooth / black-short 
haired*. 
22. In a hospital two ba 


Y- -—-——- ———-—- 


КЕШЕЛЕ ЕГҮРТТ; 
со 


2 


bies of the same ser дее born roughly at 
the same time to two different women of the same wart: 

of the mothers suspected a foul play and claimed that the паву d 
with her was not hers. Blood group of the baby was оша 
be A and that of the suspecting mother was О. e bl i 


A.B.—357 Ve 
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23. 


30. 


31. 


33. 
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group of the husband of this woman was found to be O. What 
was:the result of these investigations? Was the baby really 
exchanged ? 
Heparin is a drug used as an anti-coagulant of blood, how the 
blood can be made to coagulate?......... (by injecting a drug 
known as Clauden). 
Sickel-cell anaemia is due to replacement of glutamic acid in the 
8th placing by— 
(a) histamine, (b) valine*, (c) leucine, (d) proline. 
A gene consists of subunits known as— 
(a) mutons*, (b) cistrons,. (c) recons. 
Scientist, who named hereditary units as ‘genes’, was— 
(a) Mendel, (b) Johonnsen*, (c) Morgan, (d) Haldane. 
The term *muton' is given to— 
(a) unit of radiation, (b) parts of chromosomes, 
(c) lysosomes, (d) small part of gene*. 
Absence of a segment of chromosome involving one or more 
genes is due to— 

duplication | deletion* / translocation / recombination. 
Anti, Rh factors are found in the blood of— 

all Rh- persons/all Rh+ persons/Rh- persons transfused 
with Rh* blood*. 


A. bird's sex chromosomes are heterozygous (XY) in female 
and homozygous (XX) in male. In female one ovary becomes 
atrophied and the bird becomes a functional male. Assuming 
that a YY combination of sex chromosomes does not allow 
development, the expected ratio of male to female bird when 
functional male is mated with a true female is : 
(a) all female to no male, 
(b) two female to one male*, 
(c) two male to one female, 
(d) one male to one female. f 
Which animal has its blood composition nearly the same аз 9 
man ? 
chimpanzee / rhesus monkey* / gorilla / orang-utan / baboon- 
Branch dealing with Genetic Engineering is : 986) 
eugenics/ euthenics/ euphenics*/ none of these. (СРМТ-1 
Which one is genetically similar to haemophilia ? 


5 5 : ame of these): 
colour blindness* / night blindness / albinism ке MT-1958- 
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Blood groups are named because of айан А and В 
present in or on: : 
plasma/ RBC*/ WBC; platelets (CPMT-1988) 
Germ plasm theory was propounded by : 
Darwin/ Weismann*/ Lamarck/ none of these (CPMT-1988) 
Trisomy of 21st pair of autosomes in man leads to : 
polydactyly / Down's syndrome*/ Klienfelter's syndrome] 
Turner's syndrome (CPMT-1988). 
If in a male child of 10 years of age, the intelligence is of a 14- 
year child, the IQ of this child will be : 
140*/ 100 / 160 / 110 : e (CPMT-1988) 
Sex-linked inheritance was discovered by : 
Morgan* / Mendel / Landsteiner / Mo Chung (PMT-1990) 
Erythroblastosis foetalis is found in children having : 
(a) father and mother Rh*, (b) Father Rh* and mother Rh-*, 
(c) Both parents Rhr, (d) Rh- father and Rh+ mother 
(PMT-1990) 
Colour-blindness is caused by : dominant gene in male / domi- 
nant gene in female / recessive gene in male*/ recessive gene in. 
female (PMT-1990) 
Identical twins are born when : 
one ovum crosses with one sperm/ onc ovum with two sperms/ 


two ova with two sperms*/ two ova with one sperm 
(PMT-1991) 
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ORIGIN OF LIFE & 
LIFE THROUGH AGES 
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Time after time people of different schools of thought have put 
forth hypotheses on the origin of life on earth. Some of them are 
briefly presented here : Р 

(1) Hypothesis of Spontaneous generation—The supporters of this 
theory believed that living things originated repeatedly from non-living 
matter (Abiogenesis) by spontaneous generation—worms and tadpoles 
"from mud and flies from dead bodies of animals. Such ideas of spon- 
taneous generation were proved wrong after Francesco Redi 10 1668 
showed that maggots and flies are produced from dead flesh only if 
living flies have laid eggs on such material. Today nobody believes Ш 
spontaneous generation. All reliable evidence shows that new life 
Comes from pre-existing life (Biogenesis). However, first living an 
self-reproducing molecules of DNA were formed from non-living 
matter. | 

(2) Hypothesis of Special creation—Roughly 150 years 280 it pe 
believed by some that life was created by some supernatural posu 
all of a sudden and out of nothing. This idea had no scient! 
backing, hence discarded. ght 

(3) Hypothesis of Cosmozoic generation—One school of hoe 
proposed that seeds or spores of living forms might have reache ; 
earth accidentally from some other planet or some such source M 
universe. Today we are sure that life could not have existed in | 
other planet ог іп any other structure in the universe. 


Я ел1 
4. The autotroph hypothesis—When one considers the p 
of origin of life, one may reason that all living organisms пе ake its 


and, therefore, the first form of life must have been able to ‘eri are 
own food, i.e. an autotroph. All green plants and some bac ig 
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autotrophs. Some autotrophs use energy from sunlight to synthesize 
food, and others use energy from chemical reactions. To synthesize 
means to form something complex from simpler substances. The 
autotroph hypothesis assumes that an organism of one of these types 
of food-producers was the first form of life. 


A very serious flaw in the autotroph hypothesis is that all known 
chemical reactions involved in making food are very complex. More- 
over, food-making requires a complex organism to build complex 
materials from simple ones. If early organisms were able to synthesize 
food, we must then assume that a complex system of synthesis came 
into existence rather suddenly. In other words, the first autotrophs 
would have to have been complex organisms *from the beginning. 
More logical is the fact that complexity arises from simpler state as a 
result of accumulation of many small changes over a great span of 
time. The first life on earth, therefore, was not an autotroph, but 
something simpler than it. 

S. The heterotroph hypothesis—In contrast to an autotroph, a 
heterotroph is an organism that cannot make its food and has to 
depend on some outside source for its food. We and nearly all other 


animals are heterotrophs. Most of the bacteria and some plants as 


moulds and mushrooms are also heterotrophs. 

The heterotroph hypothesis assumes that the earliest form of life 
developed from non-living and that it was not able to make its food. 
The hypothesis further assumes that a very simple organism evolved 
slowly from non-living matter and that this occurred billions of years 
ago under a special set of environmental conditions. Accepted that 
the first life on earth was a heterotroph, where would the heterotroph 
get its food if there were no autotrophs to produce it? This and 
many other problems have been partially answered. by some clever 
assumptions proposed by an English biologist, J.B.S. Haldane, in 
1929. Similar assumptions were made in 1924 by the Russian bio- 
chemist, A.I. Oparin, who in 1936 published an extensive development 
of the hypothesis in his book The Origin of Life on the Earth. ° 

` Oparin's Abiotic Theory of the Origin of Life—Our planet, the 
earth, is a part of the solar system and came into existence approxi- 
mately 4,800 million (48x10?) years ago. The fossil remains of 
bacteria similar to those known today have been dated with some 
certainty to be at least 3,300 million years old. To begin a the 
entire solar system was a huge ball of gases. Many kinds of atoms 
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constituted the gaseous solar system; of all the variety of atoms, ће 
most abundant were the hydrogen atoms. De to the gravitational 
pull in the centre of gaseous ball, some atoms were pulled into the 
centre, these transformed into the sun. Some other gaseous atoms 
kept on revolving round the sun like eddies, and upon cooling in 
course of millions of years, transformed into 9 planets that are still 
revolving around the sun along theirown separate orbits. The nine 
planets in order of increasing distances from the sun are : mercury, 
venus, earth, mars, jupiter, saturn, uranus, neptune and pluto. Pluto 
is the most distant planet from the sun. Whereas Earth takes 365 days 
and 6 hours to complete one orbit around the sun, Pluto takes 24 
years and Neptune takes 16:5 years to complete their orbits. 

The earth is believed to have been formed in 4:8 x 10? years ( 4800 
million years) by condensation and cooling from a cloud of gases and 
dust. Because much of the dust consisted of radioactive elements, 
their decay in the interior of the earth generated much heat and vol- 
canic action, so that the temperature of the surface of the earth was 
higher than it is now. Hydrogen atoms of the atmosphere were most 
reactive, so they combined with oxygen to form water (H.OH), with 
nitrogen to form ammonia (H.NH,) and with carbon to form methane 
(H.CH,). The earth was still too hot for the water to settle as liquid; 
the moment it was formed, it was lifted as vapour into the atmosphere. 

Atoms to organic compounds : With water, ammonia and methane 
in the ancient atmosphere, it was not impossible for building UP 
compounds out of these molecules only. These gases would also have 
combined with metallic atoms of silicon, iron and aluminium t° 
form a variety of inorganic compounds. 

Russian Biochemist Alexander Ivanovich Oparin (1894—) and 
English Biologist J. B. S. Haldane presented similar hypotheses of 
the origin of life. By virtue of being the first to place his views, the 
hypotheses are better known after the name of Oparin (1936). He 
attempted to put together a picture of the probable complex orga- 
mization and evolution of different combinations of inorganic а0 
erganic matter, as well as a history of the physical and chemi 
events that must have preceded the emergence of first form of life. 
Oparin also tried to describe the transition from these complex 
UR ng and chemical systems to a Jiving form, based ОЛ 

Transition from Nonliving to Living things—Oparin began with 

somethoughts about the conditions that may have existed Jong ago 
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on the surface of the earth. There is no doubt about the earth being 
very hot in the early parts of its geological history. Chemical 
activity must have been rapid and atoms were, therefore, constantly 
forming and re-forming into many kinds of molecules. Oparin assumed 
that the young earth had an atmosphere composed primarily of 
water vapour, ammonia and methane (CH,). He also assumed that 
oxygen, nitrogen and carbon dioxide were very rare. He believed 
that at the temperatures at that time on the earth, any oxygen in the 
early atmosphere would have immediately combined with substances 
like silicon, aluminium and iron in the rocks. Even today, at much 
lower temperatures, oxygen is slowly being combined with substances 
in the rocks, thus it would disappear from the atmosphere if quan- 
tities of oxygen were not being continuously released by photosyn- 
thetic organisms. On the basis of chemical reactions known to occur 
at high temperatures, Oparin assumed that the compounds as NH, 
and CH, rather than N, and CO, would have existed. 

Under such conditions, Oparin reasoned that simple organic 
substances—molecules containing several carbon atoms, might have 
formed. Methane (CH,), ammonia (NH,) and water (H,O) contain 
the kinds of atoms needed to form such substances as alcohols 
(C;H,OH) or amino-acids (eg. C,H;,O,N). Energy for such chemical 
reactions must have come from the heat of the earth and from the 
electrical energy of lightning. Over millions of years, an accumu- 
lation of such organic compounds within oceans, lakes and pools 


might have produced a kind of ‘hot’ thin soup. Then by further - 


chemical combinations of smaller organic molecules, larger ones, 
the organic macromolecules, might have formed—namely, the poly- 
peptides from amino-acids, and carbohydrates etc. Oparin supposed 
that by ultimately coming together, these large organic macromole- 
cules might form a simple kind of ‘living thing’—a transition from 
non-living to living. 

That the gaseous components now known to be present in the 
Primitive atmosphere can be the forerunners of organic compounds 
is today well supported by laboratory studies. 

One such experiment was performed successfully by Stanley Lloyd 
Miller (1930—) in 1953 at the University of California under the gui- 
dance of Professor Harold C. Urey (1893—) of the University of 
Chicago. He built an apparatus to circulate CH, NH, НО and H, 
and pass an electric discharge. Mixture of these gases was put in a 


flask fitted with electrodes. Into another flask water was made to 
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^ 
boil Ens das. The electrical charges, intended to simulate 
lightning and such forces of the ancient atmosphere, were passed for at 
a week or more. Then һе collected and analysed the contents of the 
system. The gas phase contained carbon monoxide, carbon dioxide 
and nitrogen, which were evidently formed from the gases introduced 
into thc gas flask at the beginning of the experiment. In the 
condensed dark coloured solution collected he found significant 
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Fig. 615 Miller's experiment. 


amounts of water soluble organic substances (which hefseparated 
by chromatographic methods) The compounds identified were 3 
number of amino-acids, some of which are known to be present in 
proteins, е. р. glycine, alanine, aspartic acid and glutamic acid. 
Miller also found several of the simple organic acids known to occur 
in living organisms, such as formic, acetic, propionic, lactic and succinic 
acids. (Table 1). Miller postulated that the various organic СОЮ 


pounds formed in these experiments arose by sequences of reactions 
shown in Tables 2&3. He suggested 


that hydrogen cyanide (HCN) 
was formed from methane and ammonia and that the electrical dis? 
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charge converted methane into ethylene and other jhydrocarbons. 
HCN reacted with ethylene to form a nitrile which upon hydrolysis 
would have produced propionic acid. In the same way a hydroxy- 
nitriles could react with ammonia to form a aminonitriles. Amino 
nitriles on hydrolysis could produce amino-acids like alanine. Miller's 
experiment gave a strong support to Oparin's theory of origin of 
life. We know that amino-acids are the structural units of proteins. 
Thus, the gases of primordial atmosphere, exposed to lightning and 
ultraviolet light (which were prevalent forms of energy on the primitive 
earth), could have combinea to form simple organic compounds. 

As the earth further cooled down, water vapours of the atmosphere 
condensed to form pools, lakes, seas and ocears. The oceans of the 
earth were gradually turned into a soup of the said simple organic 
compounds. In course of time, the simple organic compounds must 
have combined to form bigger and complex molecules. This fact 
is supported by the work of Sidney, W. Fox of Florida University, 
who in 1957 announced that if a mixture of 18-20 amino-acids is heated 
to the melting point, then cooled, many amino-acids bond together 
in the form of chains as they occur in a protein molecule. 


Table 1 


Some organic compounds identified by Miller and produced 
by him by spark discharges. 


Glycine Iminoacetopropionic acid 
Alanine Formic acid 
Sarcosine Acetic acid 
B—Alanine Glycolic acid 
«—Amino butyric acid Lactic acid 
N—Methylalanine a—Hydroxybutyric acid 
Aspartic acid Succinic acid 
Glutamic acid Urea 
Iminodiacetic acid Methylurea 
Table 2 $ 


Possible pathways of Chemical reactions 


l 2CH, + N —* 2HCN + 3H, 
2. CO + NH, > HCN + HO 


3. CH, + NH, —* HCN + 3H —— 
4. CH, + HCN —> CH,CH,CN (a nitrile) 
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5, CH,CH,CN + 2H,0 —> CH,CH,COOH + мн, | 
nitrile propionic acid 4 
6. CH,CHOHCN + NH, —~* CH;CHNH.CN + H,O 
an aminonitrile 
7. СН, CHNH,CN + 2H,O —* CH;CHNH,COOH + NH, 
an aminonitrile alanine—an amino acid . 


Table 3 
Chemical evolution of biomolecules from HCN. From three ° 
known immediate products of HCN (cyanamide, nitriles and cyano- 
acetylene) many different organic derivatives are formed under simu- | 


I emeena an 


lated primitive earth conditions. 


HCN 


Cyanamide Nitriles Cyanoacetylene 


Amunonitriles 
Dicyandiamide 
Pyrimidines 


Aminoaci 
Porphyrins ач: 


1 Purines 


Polypeptides $ 


Oparin thus concluded that abiotic or non-living forerunners of 
the first living forms must have been an organization of polypeptides, 
polynucleotides, carbohydrates and other substances. Such complex 

- non-living systems, which have been created in highly simplified form 
{Urey and Miller) in the laboratory, tend to remove and concentrate 
various substances from the surrounding medium. These products 
тау then undergo a variety of chemical reactions in which some of the 
by-products were released or put back into the environment. Oparin 
believed that by repeated chemical changes in which non-living things 

_ incorporated materials or put out some things, presumably unwanted, 
led to chain of events in which an evolutionary process of selection 
and progressive improvement occurred. Those physical and chemical 
differences that were favourable for the existence of a particular system; 
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such as greater stability or greater ability to compeke for chemicals 
in the surrounding environment, provided a system with a better 
chance of survival. This assumption is simply an extension of 
Darwin’s fundamental theory that higher living forms evolved from 
lower forms based on the principle of natural selection and that the 
organisms, which were better suited to the conditions of environment 
than others, were dominating forms of life. In the same way, Oparin 
believed that non-living systems also competed amongst themselves 
for domination. In this way non-living systems have evolved which 
had a capacity for self-renewal or self-preservation of parts by selected 
chemical and physical processes. 

The next step was to increase the mass by &ccepting more rapidly 
substances from the environment. Oparin, here referred to special 
group of droplets called coacervates, which are clusters of proteins 
or protein-like substances held together in small droplets within a 
surrounding liquid. Coacervates became bigger and complex by 
acquiring more organic molecules. Catalysts that enhanced the rate 
of chemical reactions probably gave marked advantages to those non- 
living systems that acquired them. Some of the polypeptides formed 
at random may have had catalytic activity. Again, selection played 
an important role; systems that had acquired efficient catalysts had 
better chances of survival than those non-living systems which had 
less efficient catalysts and were eventually eliminated. Thus catalysts 
were sorted out and selected or rejected depending upon their utility, 
until they finally evolved within the first living systems into the first 
primitive enzymes. 

We now know that the protoplasm has a large number of enzymes 
for the chemical and physical activities taking place in it. Enzymes 
in a living system are different from those occurring outside, in 
fact, that in a living system the enzymes work in definite sequences 
or pathways in a predetermined and coordinated manner that is cons- 
tantly repeated. Oparin holds that adoption of catalysts with orga- 
nized and repeatable properties in a non-living system was the first 
step in the transition of non-living system into a living system. The 
chance formation of catalysts and their selective evolution into protem- 
like catalysts (remember that the enzymes are mostly proteins) of 
high specificity and activity certainly played an important role in this 
transition. Constant repetition of these coordinated and connected 
chains or cycles of chemical reactions were somehow responsible for 
the property of all living thingsi.e. reproduction. 
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Thus organic biomolecules originated from non-living things 
by taking up organic compounds from the surrounding medium in 
the primitive seas and reproducing them. In fact this is what all 
living things do; they take organic and inorganic substances from the 
environment for their own metabolism and reproduction. This early 
period of chemical reactions and combinations may have lasted some 
1,500 million years and is called the period of chemical evolution. 


First life on earth—Large. complex biomolecules or macromolecules 
opened the possibilities of first life upon earth. Today we know that 
the simple form of living matter, with the propertics of duplication, 
is the gene. There is no organism without genes. These tiny particles, 
though macromolecules, are formed of sugar, phosphate and nitro- 
genous molecules, viz., the purines and pyrimidines. 


Melvin Calvin of the University of California had experimentally 
shown (1963) that a mixture of methane, ammonia, hydrogen and water, 
when exposed to gamma radiations, produced molecules of amino-acids, 
sugars, purines and pyrimidines. It is, therefore, quite possible that 
under similar circumstances in the primitive seas, chance association 
of proteins, purines, pyrimidines and other organic compounds might 
have given rise to a system that could reproduce or duplicate. Such 
a simple form of association is reflected in viruses. The viruses are 
known to have a gene aggregate (DNA) within a protein coat. Thus 
viruses stand at the threshold of living and non-living matter. 


The day is not far when man will be able to command the life 
processes in the cell. An attempt has been made by Hargobind 
Khorana, an Indian settled in USA, to synthesize a ‘gene’ in the 
laboratory from nucleotides. He succeeded in making a 77-nucleotide 
chain representing a gene. With this achievement it has become 
possible to control the genes in the cell or even introduce the desired 
genes in the cell. The achievement of Khorana was of tremendous 
value, for which he was honoured with Nobel Prize in 1968. 


Towards cellular organization—The cellular physiology is the out- 
come of enzymatic activity. Hence enzymes had to come before a cell. 
Most of the enzymes are complex proteins. It must have taken millions 
of years for a form of life like virus, to develop various associations 
of amino-acids, to form into enzymes. As enzymes were formed, 
the gene aggregates became surrounded with a material consisting of 
enzyme systems, which we now know as cytoplasm. A thin limiting 
membrane around the cytoplasm became the plasma membrane. 
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At first the cells were very simple, without a definite nucleus etc. 
This form of life very much tallies with the present-day bacteria. 
Hence it is believed that first living cells were anaerobic prokaryotic 
heterotrophs which used organic compounds from the primitive sea 
as their building blocks an energy sources. As nutrition was avail- 
able in abundance in the primitive seas, the cells grew to enormous 
sizes. This created a problem, as it was difficult to manage the 
affairs of a huge cell. The only solution was cell-division. Duplication 
in this manner multiplied the number of cells, which in turn adversely 
affected the nutrition supply position. 

To cope with this problem some cells began to utilize inorganic 
matter with the help of enzymes for deriving energy. We know of 
iron bacteria, which can combine iron, oxygen and water and obtain 
iron hydroxide, hydrogen and energy. Sulphur bacteria obtain 
sulphur, water and energy. This energy could be incorporated into 
other inorganic molecules and yield food. Thus chemosynthesis was 
a step towards autotrophic nutrition. The first living things were 
only consumers, using the chemical energy in the organic compounds 
of the earth’s ‘hot thin soup’. Now some were turning into producers. 

rom Chemosynthesis to Photosynthesis—lInorganic materials that 
could be incorporated into food were limited in quantity, hence 
some way other than chemosynthesis had to be developed. There 
was unlimited energy in the sun’s light. Some cells set out to obtain 
food by using sun’s energy. This mode of autotrophic nutrition 1$ 
called photosynthesis. Chlorophyll was developed as the catalyst 
which enabled the cells to combine water and carbon dioxide 
in the presence of sunlight. There was no dearth of carbon dioxide 
in those times because it was released by the organisms which utilized 
the food of the oceans. First photosynthetic cells (autotrophs) arose, 


perhaps 3,000 million years ago. 

As a byproduct of photosynth 
atmosphere, which till now was no ree 
atmosphere. The organisms soon made use of this important gas and 
switched over to aerobic respiration. Aerobic respiration was*the 


much needed way to derive full benefit of food's potential energy. 
ms to make use of sun's radiant 


Blue green algae were the first organis of s 
energy for synthesizing food. For more than a billion years, the 


А 4 x 
dominant and perhaps the only forms of life on earth were microscop! 
organisms such as algae, bacteria and moulds. From the blue-green 
algae, in course of many many years, evolved other forms of algae. | 


esis oxygen was set free into the 
t present as free molecules of the 
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With an abéndance of photosynthetic plant life in the oceans, the 
first animals must have evolved side by side. Of course, the first 
animals were all living in the sea and depended on phyto-plankton 
(microscopic plants) for food and energy and were unicellular organisms, 
the eukaryotes (having nucleic acids largely confined within the 
nuclear membrane.) / 

Landward march of plants and multicellular organisms both 
amongst plants and animals were the next steps. 

Virus—the simplest form of life—Nearly all viruses are extremely 
small particles, ranging in size from 15 my to 450 my and all cannot 
be seen even under the electron microscope. By special techniques 
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Fig. 616 А. Bacteriophage virus. B. Life cycle of the bacteriophage virus. 
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A virus as such is non-living. It becomes living only when it 
comes in contact with living cells. Accordingly, there are plant 
viruses and animal viruses, living on plant cells or animal cells 
respectively. Viruses are classified into eight groups. Groups 2, 
5, 6and 7 are RNA-containing viruses, while groups 1, 3, 4 and 8 
are DNA-containing viruses. Most of the plant and some animal 
| viruses consist of a core of RNA and a sheath of protein. Bacte- 

riophage (bacteria-attacking) and most of the animal viruses consist 
| _ ofa strand of DNA surrounded by the protein Sheath. 

Most plant viruses are spread by insects such as aphids and 
leafhoppers, others are spread by direct contact of infected leaves or 
roots with healthy ones. Often seeds carry viruses from one genera- 
tion to another. Animal viruses are transmitted through air, faeces 
or water. Flies may help in spreading viruses from faeces or water. 
Transmission of animal viruses by direct contact is also possible. 

Once in contact with the living plant or animal cell, virus be- 
comes active and begins the invasion of the host cell, leading to its own 
reproduction and destruction of the host cell. This has been studied 
in detail as it occurs in the bacteriophage viruses. Іп some way phage 
particles (i.e. virus) are attracted to cells of bacteria, where they become 
attached by their tailpieces to the cell wall of host bacterial cell. 

The lysis or dissolution of bacteria by a phage virus was first 
observed in 1921. Was phage, as some thought, an enzyme which 
dissolved the bacterium? What stimulated lysis to take place? Was it 
a bodily defence mechanism ? Every question was a mystery till 1940, 
when a group of scientists headed by Max Delbruck of the California 
Institute of Technology worked out the mystery. It was found that 
the phage virus attaches itself to the outside of the bacterium and — . 
squeezes its contents into it. Empty shells (protein coats) of phage virus 
known as ‘ghosts’ are left sticking to the outside. The turning point 
came in 1946 when it was shown that what the phage squeezes in, Is 8 | 
own DNA. By 1952 Hershey and Chase made it clear that it 15 this 
viral DNA which causes the dissolution of the bacterium. From this 
moment phage virus became for the molecular biologist what fruitfly : 
Drosophila or red bread mould Neurospora had been for geneticist. ~ 

Once inside the host’s cell the virus DNA takes control of the 
cell's biochemical activities, he bacterial cell, instead of making 
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ats own characteristic nucleic acids and proteins, begins to make 
different ones specifically meant for the phage virus. The situation 
is like a master-slave relationship. With the entry of phage DNA 
into the bacterial cell, the DNA of the bacterium breaks down. 
DNA now formed or replicated is the viral phage DNA instead of 
bacterial DNA. This DNA influences the synthesis of proteins in 
the bacterial cell; the synthesized proteins give rise to the protein- 
coats for the replicated DNA units. The protein coats and DNA 
units give rise to new virus particles which are released by the 
‘breaking up of the host bacterial cell. The whole process, from the 
first injection of phage DNA to the break-up of the host bacterium 
and discharge of hundreds of virus particles, takes only about twenty 
minutes. 

Introduction of phage DNA into a bacterium does not always 
have such disastrous results. Apparently the DNA of phage virus 
and bacterium can combine or associate in peaceful coexistence; 
many new generations of bacteria can be produced without any 
harmful results. Mutations often take place in the DNA of the 
phage virus. Sometimes the host cell imposes modifications on the 
phage DNA. 

Genetic material can be transferred from bacteria of one species 
to another by bacteriophage viruses. Interest in the biology of viruses 


has grown in such large proportions that it forms a separate discipline 
of Life Sciences and known as Virology. 


A new lcok at the origin of life on earth 


Our planet came into existence some 4.8 thousand million years 
ago and life on it, probably began about a thousand million years 
ago. Present day palaeobiologists and biochemists date life on earth 
as far back as 3:5 thousand million years, for, recent discoveries in 
Australia, Africa and Greenland show that simple, single-celled 
creatures similar to bacteria were building reef-like rocks in the 
shallow waters of lagoons 3:5 thousand million years back. Rock- 

Р building creatures must be specialized ones, which means that orga- 
nisms similar than these must have originated much earlier, say 36 
thousand million years from now. Thus life on earth came quite 

soon after the birth of this planet. 
Modern palacobiologists do not question or suggest anything ded 
so far as to how non-living matter developed into self-duplicating 


ы 


biomolecules. They also support Urey and Miller who had shown | 
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experimentally the synthesis of amino acids in simulated natural con- 
ditions. The moder biochemists pin-point to an important step in 
the synthesis of biomolecules, the use of catalysts, without which 
biochemical reactions were not possible. The first catalysts, they 
suggest, were not biomolecules or proteins but the clay—a non- 
living matter. Clay which was abundant on the sea-shores, is a 
remarkable material Chemically, it consists of stacked sheets of 
silicate with just enough gap between individual sheets to allow air 
or water to circulate. It is estimated that there are so many sheets in 
a one cm cube of clay that, if separated and spread out, they would 
cover more than ten tennis courts. More than that, within those 
sheets positive and negative electrical charges ase arranged in a highly 
organized way. Clay's electrical fields must have influenced the 
orientation of molecules of any compound passing through them. 


Recent experiments have confirmed that silicate sheets of clay can 
concentrate organic molecules in a confined volume as water 
evaporates, orient them in the ways best suitable for linking them in 
chemical bonds and protect the weak and fragile newly formed com- 
pounds from solar radiations. Israeli scientists have successfully used 
clay as catalysts to build short chains of amino acids. 


Thus it becomes clear that the first catalyst used in the synthesis 
of biomolecules was the clay on the sea shores where tidalwaters of 
the primordial seas were thrown. Which of the biomolecules were 
formed first? We know two bio-megamolecules are essential for the 
preservation and duplication of living matter—the proteins and-the 
nucleic acids (DNA and RNA). Whereas DNA presents the ‘code’ 
or blueprint to say how and what is to be built, the proteins are the 
materials of which living matter is constructed. But which came first, 
the code or the material? Understandably, the organized living matter 
cannot be built without an organized plan, hence code (DNA) must 
have been produced first. Again we strike at a problem; how could 
DNA replicate without enzymes which are proteins after all? 


The answer comes from Leslie Orgel, a professor of the Salk 
Institute, California, U. S. A. who experimentally succeeded in linking 
up 40 nucleotides without using enzymes doing the same in a living 
cell. This demonstrates that non-living molecules of clay could act | 
as catalysts and DNA could duplicate itself without protein-enzymes. 
Manfred Eigen, a Nobel Prize holder Biochemist, suggests that 
duplication of nucleic acid started not with DNA but with simpler 

A. B.—58 Р ‚ 
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nucleic acid, tne transfer RNA without which amino acids cannot be 
brought to the Assembly lines for the synthesis of proteins or enzymes. 

Transfer RNA we know, is a product of DNA, then how is it 

possible to have transfer RNA first, then DNA? Recent researches 
at Columbia University in New York City, have shown that RNA is 
capable of producing DNA in very special situations. Working with 
vira] RNA, they found that when replicating segments of viral RNA 
are provided with loss of therequired pentose sugar (ribose) and more 
of deoxyribose (4—oxygen sugar) then viral RNA segments use the 
deoxyribose sugar and produce a DNA-RNA hybrid, thus proving 
that RNA could possibly become DNA in abnormal situations. 

At the end we may conclude that life began in the mud and clay 
at the edge of the ocean and the mother molecules of life evolved 
out of a handful of clay a long time ago. That God created life from 
the earth, seems to come true. s 

The Geological Time Scale—To understand ‘life’ upon earth 
through its millions of years, it is essential to learn the concept of time 
in relation to earth's history. Geologists have devised a time scale 
which is based upon the age of rocks preserved in different regions of 
the earth. The oldest rocks are estimated to be 1750 million years 
ог more old. Nine miles of limestone and nine miles of mud and sands 
is the rough estimate of their thickness. These rocks in relation to 
time are called Archaeozoic and this era of the earth is termed Arch- 
aeozoic. This is followed by Proterozoic, Palaeozoic, Mesozoic and 
Cenozoic eras. Geologists have further divided the eras into periods, 
and periods into epochs, as shown: in the chart on page 795-797 
Presently we are concerned only with the form of plant and animal 
life in different periods and epochs to construct a ‘sequence’ in 
which life marched. 

1. The Archaeozoic era—It began some 4800 million years ago 
and lasted for about 3600 million years. There was no life on earth 
to begin with. Then followed a time when non-living molecules 
interacted to form the living molecules. Geological evidence in rocks 
of this age indicates a period of intense volcanic activity, mountain 
building and sedimentary rock formation. There are no recognizable 
fossils in the rocks but there are deposits which may have been made 
by iron, sulphur and carbon-using bacteria. Interaction of simple 
non-living molecules to form biomolecules resulted in the creation 
of first cells. This event took place about 4000 million years 280: 
The first cells could not produce food for themselves and they were 
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Fig. 617 Fossils, as evidences of evolution. 
A. A reptile, B. Afish, С. Acycad, D. A sea Шу. 


prokaryotic heterotrophs. (Prokaryotic cells do not have a nuclear 
membrane and a mitotic figure is not developed at cell division.) 
They were represented by bacteria. First autotrophs (with photosyn- 
thetic capability) appeared some 3300 million years ago and the b'ue 
green algae were differentiated about 3000 million years back. Mitotic 
eukaryotes (cells with a definite nuclear membrane) appeared only 
about 1000 million years later. They were some algae and the lower 
protozoa. 

2. The Proterozoic era—By the close of archaeozoic all the conti- 
nents were uplifted and sedimentary rocks started to develop in the 
great oceans. Life was still confined into the sea through 1000 million 
years of this and last era, but it is quite certain that major phyla of 
animals were differentiated. ‘There are extensive deposits of limestone 
| composed of rounded masses similar to those produced by certain 
limesecreting blue-green algae of the present times. Fossils of bacteria, 
brown algae, a jelly fish, casts of annelid worm burrows and siliceous” 
Sponge spicules have been identified in the proterozoic rocks. Thus 
algae, bacteria, Protozoa, Porifera, Cnidaria and Annelida had been i 


differentiated. 


2 
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з. The Lalaeozoic era of Bryophyta, Pterydophyta, Inverte- 
brates and Fishes—This era began about 550 million years ago. 
Almost all the ancient life came into existence during this age, how- 
ever life was limited to the seas for about first 200 million years. 
This era has been split up into 6 periods, each with its own character- 
istic life. 

(i) The Cambrian period—Cambrian rocks are the oldest in which 
fossils are abundant. The Cambrian seas swarmed with abundant 
life. Among plants, there were marine algae and bacteria. The 
animal population included Protozoans, sponges, Cnidarians, Annelids, 
Echinoderms, Molluscs and Anthropods, especially the Trilobites. No 
land life was known. 

(ii) The Ordovician period—Appearance of fresh water and 
probably land-plants and of the vertebrates was the most important 
event of this period. First vertebrates were the jawless Ostracoderms 
developed from some primitive chordate in the sea. Ostracoderms, 
however, rose above the sea level and reached fresh water through the 
mouths of the rivers falling into the seas. Plants (algae) in fresh 
water and the arthropods there, were the chicf food of these jawless 
vertebrates which were mainly bottom-feeders. Trilobites, Molluscs 
and Echinoderms were quite abundant. 

(iii) & (iv) The Silurian and Devonian periods, lasting for 


Fig. 618 Life in the Devonian period, 
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about 50 million years, were of very great significance. In these 
periods plants as well as animals had marched on {o the land. By 
the end of Devonian, there were forests of tree ferns, giant club 
mosses, and giant horsetails covering much of the formerly barren 
continents. In the seas, still there were mainly invertebrates, but 
jawed vertebrates, the first fishes, were also there. The first jawed 
vertebrates, though originally fresh water inhabitants, came down 
the rivers and re-entered the seas. Shark-like fishes were numerous 
in the seas. 

Devonian period saw another important event. There were 
less rains than before. Inland waters such as lakes and ponds were 
either changing into swamps or getting completely dried up. Life 
was becoming hard in such conditions. Air dissolved in water had 
become too foul due to rotting vegetation in the swamps. So a group 
of bony fishes first began to gulp in air directly from the atmosphere 
and swallowed it down into their swim bladders which worked like 
lungs. These evolved into Lung-fishes and Coelacanths. They 
formed the population from which in the Devonian the amphibians 
evolved. The lung-fishes used their paired fins to reach back the 
swamps, probably to escape drying, for there was no life upon land 
to fear with. Gradually, in course of thousands of years, some of 
the lung-fishes evolved into the ancestors of Amphibia. Besides 
fishes and early amphibians, some of the arthropods, such as 
myriapoda and scorpions and some insects had also marched on to 
land. 

(у) The Carboniferous (also called Mississippian and Pennsylvanian) 
period—Devonian was followed by carboniferous, so named 
because it was the time when most of the important coal deposits of 
the world were made. Vast swamps developed in eastern North 
America, Europe, China, India, South Africa and Brazil. Luxuriant 
forests of fast growing horsetails and lycopods dominated the swamps. 
They reached such heights as 24, 35 or 40 metres. On the swamp 
floors decayed logs, twigs, leaves, spores and seeds were deposited 
in thick layers and buried into thick layers of mud. Finally, in сошзе 
of millions of years, they changed into soft coal or into anthracite. 
Many fossils are found in these soft coal beds. Ries 

Primitive seed plants, probably ancestral to conifers, were also. 
common. New animal groups also arose. Reptiles of small sizes, 
not very different from amphibians, took to dry areas. Amphibian 
population was on top, some of which were so 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 
^ 


ft-bodied, others covered 2 


902 ANIMAL BIOLOGY 


with bony plates and of large sizes. Fossils of large dragonflies 
and cockrcoahei are very well known from this period. Ostracoderms 
(jawless fishes) and the first jawed fishes (Placodermi) were dying out. 


Fig. 619 Restoration of Carboniferous forests. 


(vi) The Permian period—This period, about 225 million years 
old, was a period of great climatic and geological changes. The climate 
was dry and cold. The carboniferous forests dried up and tree-ferns 
disappeared. In their place came plants with smaller leaves adapted 
to cold and drought.” Seed plants were progressing while spore-bearers 
were declining. Trilobites, which dominated aquatic population for 
350 million years, died out. Vertebrates of the dry land, namely; 
the reptiles and insects scemed to dominate. The most important 
event was the evolution of mammals from some reptiles. 
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4 Тһе Mesozoic era : The age of Reptiles 


It began about 200 million years from now. The world had 
then entered the era of dry and warm climate, most suited to land 
vertebrates—the reptiles, birds and mammals on the animal front, 
and to Gymnosperms and Angiosperms on the plant side. This 
era is divided into three periods. 

(i) The Triassic period—This period was marked by ginkgoes, 
conifers and palm-like cycads, which were the dominant plants. 
There were some tree-ferns and many small ferns and lycopods in 
the undergrowth. As water was scarce, root-systems developed for 
the first time. There were no flowering plants. Whereas there was 
not much change in the variety and form of invertebrates in this 
period, the vertebrate population showed a marked difference. The 
amphibians were slowly declining. The reptilian ancestors were 
radiating into new lines of adaptation. Most abundant forms of 
reptiles were the lizard-like carnivores and large herbivores. They 
disappeared by the end of Triassic leaving their single offshoot re- 
presented by modern turtles and tortoises. Non-placental or egg- 
laying mammals had developed. Some of these are still found in 
Australia and New Zealand. 

(ii) The Jurassic period—For the remaining 160 million years of 
the mesozoic age, reptiles were the most dominant vertebrates, mammals 
had gone ahead a little more, while birds had just originated. Amongst 
plants, pine trees reaching a height of 65 metres were common; 
flowering plants had not yet gained prominence. 


Among the Reptiles of Jurassic were fish-like Ichthyosaurus 
living in the great seas and the Plesiosaurus with long neck and paddle- 
like limbs for swimming. Plesiosaurs ranged from 1:5 to 15 metres 
in length. Crocodile-like reptiles also lived in the seas. True lizards 
first appeared in this period. Dinosaurs—the king reptiles—seemed 
determined to dominate the land in future. They were small in Jur- 
assic period, giants came in the next period. Stegosaurus, a dinosaur, 
was about 6 metres long and Ankylosaurus was built like a tank with 
huge bony plates on the back. In 1975, the skeleton of a 14 metres 
long herbivore dinosaur was recovered from Lower Jurassic rocks 
of Southern India, It was named Barapasaurus tagorei. It is kept ^ 
in the Geology museum of the Indian Statistical Institute, Calcutta. 
It is estimated to be 160 million years old. First birds originated 
from the reptiles in this period from some small-sized dinosaurs. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri : 
a 


904 ANIMAL BIOLOGY 


These dinosauis, ancestral to birds, were adapted for running. Their 
fore limbs were reduced and hind limbs well developed. There was 
a loose fold of skin between the fore limb and the trunk. While 
running, this stretched out fold of skin worked like wings and helped 
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Fig. 620 Life in Mesozoic age. 

(A Giant lizard, Brontosaurus, Tyranosaurus, Ankylosaurus, and flying Pterodactytus-) 
to maintain the balance. This fold of skin became the wing in the 
ancestral birds, and the scales changed into feathers. A fossil bird 
from Jurassic called Archaeopteryx was about the size of a crow 
and had teeth on the jaws. It had many reptilian features, and 
had there been no impressions of feathers in the fossil, nobody could 
have called it a bird. à 

(iii) Cretaceous period—The climax and fall of reptiles came 1n 
this last 70 million years period of mesozoic era. The main stock of 
Jurassic reptiles gave rise to giant reptiles. Tyranosaurus of the cre- 
taceous was the largest bipedal carnivore that ever lived and ruled the 
lands. It stood about 6 metres high, reached a length of about 15 
metres, with a skull about a metre long and a body weight of about 
10 tonnes. It attacked the large herbivorous dinosaurs, walked on 
all fours and was amphibious. Diplodocus was the longest herbivorous 
dinosaur, -reaching a length of 27 metres. Apatosaurus formerly 
known as Brontosaurus was smaller, about 21 metres long, but heavier, 
weighing about 30 tonnes. Branchiosaurus was about 24 metres long 
but heaviest of all, about 50 tonnes. Besides these, there were шалу 
other carnivorous and herbivorous, small, large and giant, crested 
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or horned dinosaurs roaming about the cretaceous, world. Some 
of the reptiles even went to air and became flying reg tiles, the ptero- 
saurs. They varied from the size of sparrows to giant Pteranodon 
with a wing spread of over 5 metres. They were fish-eaters and used 
to glide from tree tops to the earth. 

Sudden rise of Angiosperms—the flowering plants—was the most 
dramatic event in the cretaceous world of plants. By mid-cretaceous 
the forests had become essentially modern, including trees as beech, 
birch, willow, maple, oak, ivy and other conifers. It was this rise 
of angiosperms that led the making of giant dinosaurs. Rapid evo- 
lution of mammals and birds followed with the evolution of flowering 
plants. ° 

A dramatic change took place before the close of cretaceous. 
Dinosaurs disappeared from the scene. Probably they could not 
face the cooler climate at this time; Jand was lifted up at many 
places, thus making life of heavy-bodied dinosaurs almost impossible. 
Mammals and birds being warm blooded, did not find the changing 
atmosphere difficult. Few reptiles were left; they are found even 
today. 

5. The Cenozoic Era—The age of Mammals 

This era was short, comprising but a single period, the Tertiary 
and lasting for 70 million years. Many geological and climatic changes 
took place in this short period. First the climate became progressively 
more temperate and drier, later moist, mild uniform climates prevailed 
over the world. Such changes affected the plants as well as animals. 
Tertiary period is divided into 6 epochs. Palaeocene, Eocene, Oligo- 
cene, Miocene, Pliocene and Pleistocene. . 

(f) The Palaeocene—The climate was moderate to warm. Forests 
continued to dominate the scene, but the old ruling reptiles of mesozoic 
era were extinct. Most of the mammals were generalized, somewhat 
dog-like, Primitive elephants and horses were feeding upon soft 
vegetation. Birds were rising into new lines and all major modern 
animal groups were present. Did 

(ii) т shat 60 million years old, had a moist climate, 
Forests with red woods, beech, chestnut, elm occurred in Greenland 


and Siberia, cycads, magnolias and figs in Alaska. Grasses and herbs 
e of little importance. Elephants, camels and. 


appeared, but wer 
horses were evolving. The primitive horses Hyracotherium, Orohippus, 
d evolution. Man 


and Eohippus were running а race of survival an 
was still unknown. 
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(iii) & (iv) The Oligocene and Miocene, together lasting for about 
25 million yeais, saw great geological changés. Continents were 
rising, lands began to lift and form mountains, North America and 
Eurasia began to receive less rainfall. Climates cooled and became 
more seasonal. Vegetation belts shifted toward equator. Many 
regions became too dry to support tree-growth, and here the grasses 
and herbs found opportunity to spread. Development of grasslands 
was an event of major significance for land vertebrates, specially 
mammals. The new food in the form of harsh grasses (grass was 
full of silica) and their seeds permitted the evolution of a number of 
grazing mammals, such as horse and camel. Grasslands and streams 
separated by vast dry'areas encouraged fast-running animals, while 
slow-moving ones could not catch up with time and conditions. 
Evolution of man was also in progress. It is probable that the thinning 
of the forests was one of the factors in bringing man’s ancestors down 
from the trees to the ground. Grasslands probably attracted the 
ie man for seeds as food and animals there for skin and 

ood. 

(v) The Pliocene, about 10 million years old, was marked by its 
grasslands. Vast prairies, steppes, pampas, veldts and downs (all 
grasslands named variously in different parts of world) like those 
of today had come into existence and the forests had become res- 
tricted to moister parts of the world. Grazing mammals and primi- 
tive men were on top. Horse was nearing the present form. Seed- 
eating birds were on the increase. 

(vi) The Pleistocene—Epoch of Man—The cooling of the climate 
that began in Miocene resulted in the Pleistocene Glaciations, in 
which ice sheets spread over about 1/4th of the land surface of the 
world. Four glacial ages occurred, with warmer interglacial intervals 
during which the ice melted and climates became much as they are 
now. Plant and animal populations also shifted. Many ancestral 
mammals died and became extinct. The woolly mammoth and 
sabre-toothed tigers were amongst them. Throughout pleistocene, 
the drama of Man’s evolution was on the stage (see a separate chapter 


on Evolution of Man) while that of horse had finished, resulting in 
the modern horse. z 


[4 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


2204 }хәй о} ртизуногу Sr Sa e 


"juoso1d [4 ns 
oJoM sume jo 50п018 iofeur |. 
ITV 'spuq ssoppmooi jo ƏSA *sjuejd : 
"'s[eurureur [Ejuoo?[d JO oseoiou[ З3шләлор JO 5352104 OL ouoooss[eq ‹ m 
*Sureodde sqioy pue 8 
= 'sprodorgjue }5п,у *jueugdo[o | sosseIg -ouoooow[ed Ш | E 
pue joules *osioq jo uonn[oAq | Se sjs310j jo 21/3 oureg 09 ә0920 8 
"Sunsumnuop sede E 
Plodoiqjuy  'speuruueur 3Sureu *js9j SUID A $c 
-ranı ров 8012018 Jo uomnnjo4g | -gəIds sqioy pu? sosseic) Sv 90920800 - So = 
*sSjeurureur jo порпүолә 94} ш B w a 
UI JOJOVJ шеш 30100099 pseds 9uo20SI[O UI SE IMLS | 0€ | әпәәдогр{ х5 EU 5 
“soq | H Bo E 
UI 5359103 ѕпорюәр pue ч SN 8 
'Spiq Sures-poes 'sppur | snolojgruo) 'spue[ssei8 » So = 
-ureur 3012018 pue пеш ANIMA | SBA YIM poileAoo PULT m d à 
"вүешшеш эшоѕ JO UOI |; ка So E 
-oupXq "seuweu јо поппүолә | ‘s938 әо qr к Е 
oY} Sureururp оеш 21103519214 | 301806202 sj[oq uone1939A | T оў 9.0 | 209003514 E 
"зперипде sjs910j [ed > 
"Кероў ore Кәцу se e[Aud 13930 | -тйолу, "59290 Jo osvoloul | 10.0 әпәдотоң 9 
Пу ume ouloidns oy) ‘ue | *sjuejd Apoom јо ourmooq | 10 juo29q Ө 
5твәА 
: ucu 
"әлү [euruy jo әзпәпБә$ 9p aue[q JO souenbeg | 02862 sqoodg |5ропәд selg 


‘xo1lddy 


SHOV НОПОҸНІ ЧАТ ?? ATVOS AWIL TVOIDOTOAD 


"SUBI 

-pjdure 373 *soqsg-Sun[ Jo c 
‘soysy Апо pue SnouiSe[n1e9 серое 
Jo әзгу  -Summpop uoy} ‘doz | s[rej-osioQ pue 8958001 NVINOAAG 
по (surpooe[d) sousg рәмег ! -qni ju?I8 “159103 UIA ooe | 

по 8шАр SULISpooeJjso "s9103 dureAs SUTULOJ 
pue sunopooe[q °=3:ецѕ pue |-[£09 38900) 819009 
ѕпеідщӣше jo xeurp.) 'sJopids | 3514 “susoy JO хХхешу SQOWHJINOSNVO 
pue sjoosur poSurA ‘sondol 35114 "soxSurd pue speoÁo 3514 08 i 


: "еш | 
-Üreur Jo USO 'uo 8пцппош juepunqe 5п1ә}-рэә$ 'Ә5Е91 
so[ndoi әрцм 3Surumoop suerg | -оәр эц} UO sossour qniD 
-duy по 8шАр sojqo[nr | 'eseorour OU} по 85:93009 


"Surujoop uou) {сер 
-unqe 3510. 59510310} рие sapin] | 
"puer pue зојем Зшрвли sorn *peo1dsoprA 535910] SNO 
-doy 'speumueur SurÁe[-349 4S1 || -19JIUOO uepunq? soy 
esodo oxrm-[eumueur jo xeu): -SuIS ‘реоќо ‘suJ oni] 061 
"сеа 8пиәлор 


NVIWUad 


Scc 


OISSVIWL 
———— 


рпа 351 '9se9lour oq по | зид "по Sup 5029] : 
cerra -Suisr1 SINVSOUIC| "puer | -рәә$ juepunq? 5038013 Э1$5УЯПГ 

чо pue seos 9y} ЧЇ so[ndoj o3Je'[ | PUL ѕреоќо ‘suraj әпи], OST. eee | 

*jno SurpeoJds sew ; a D i 

- q u s}sə210 ‘ШШ i 
лтеуү 'uouruoo spyq рәчзоо, ram} 5359104 $n030y.18WO 


speoÁo puse suly әпі], 
jo Əs 


“ne рәрелат sopjdop ‘sinus 


© -ошр 18213 Jo pez pue xeu *surJodsomuy 


хопи 


ajy 3us]d JO oouonbos ut 938 


I sqoodgd вропәд 
-xoxddy 


op [euruy jo couonbos 


Zuo] sreoÁ чопо oe! 
olozosvi1vé 


SUC] s1eoÁ попи oer 
OIOZOSHN 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


й H4TI ON | 008 | An. | опошу 


TUM — ГЕЛ ҮТЕ R 
(sydosj}019}04 0007 mnie 
| onoAreyosd) i | «B $5 
S[[99 3514 ә ] = 
с | [199 3514 SUL OOSE | E, jA 5 
uonnjoag үеогшәцо јо pond 5ЧЧодозп® 35114 | OOEE EB E 
B 12 S. 
б әе8үе 0ә218-әпү9 < E x 
oneqiuásojogd | 000€ ££ (78 
20201014 ono] 3514 o = 
soyoÁiexng оозу ! 0007 à 
"PejyenueJogip peu 5 
ерпәспү ‘eliepiuD 'e1ojoq se Suo] s1e9A E 
vozejour omnoÁreyung :9020j0Jd пото OLE 8 
Joys se 5ә30/ІРуПӘ INOW _`әеЗүе пәәл8-әшиерү 0є8 21020193019 = 
"UAOU3 әд NEN. è 
pue[ ON "so}BIQO}IOAUI әйппеш Sry = 
loqjo pue SUBIOE}SMIO 'sojqo[r "&H9j9Eq ` МУІЧЯИУО » = 
5$шәропщәә  *sosnipur 3514 | pue segje әппеш AYI Oss Td Er 1 
'juoso1d n. => $ 
$әўелдәуләлшт jo v[Áud үгу ‘soq "PULJ pue 1372M s Uu Q 
-O[ptj jo хешу) 'seqsg ssəmef | зә —popsaur sued NVIOIAOGHO 50 p 
-9qi 'soyeiqouSA jsg JO WBHO | juepunqe orse our | OOF | — 1 1 1 |) ЕМ 
*(suiJopoovsjso) soysy ssojmel јо 'S[rejesioq pue sossour pe 
esrq 'sousg pomel 181] "5})095ш | -qnjo 's75910j-u19J *sojud NVIUATIS Ba 


poum ров  suoidioos јел |-ojmd onj}—s}uvld pueg 35314 OSE 


e _ s ЖЕ» - - pin A eee c mmm] 


910 


o ом AMS 


14, 


15. 


16. 
17. 
18, 


19. 


ANIMAL BIOLOGY 


Questions 
Discuss briefly the early theories on the origin of life, 
Mention the main theme and salient features of the Naturalistic 
theory of the origin of life. 
What prompted Urey and Miller to perform their famous 


experiment that yielded organic compounds from gases ? 
Describe their. experiment. 


Discuss ‘Oparin’s’ Theory of Origin of Life. 
Prepare a brief report on the Geological time scale. 


Give an account of the Mesozoic age, its principal forms of life 
and important events of the age. 


What is India’s contribution to the fossil history of dinosaurs ? 


. Why are the Mesozoic ages and Cenozoic ages respectively 


known as ‘age of reptiles’ and ‘age of mammals’? 


Which of these gases were present in the ancient atmosphere 
before the first life came on earth : 


CO,* | NH, / N,* / Н,* / О, / О, | CH, | H,O. 
First autotrophs were— 
viruses / bacteria / blue-green algae* / green algae. 
A bacteriophage virus releases into the host cell (i) an enzyme 
(ii) an acid, (iii) phage DNA‘*, (iv) protein coat, (у) a hormone. 
Viruses containing DNA belong to the groups (i) 2, 5, 6 7 
(ii) 1, 3, 4, 8*, (iii) 4, 5, 6, 8, (iv) 1, 2, 4, 7. 
Associate these organisms with the appropriate Biologists : 


Neurospora *"Morgan Mendel 
Drosophila 1Beadle ‘Lamarck 
Pisum sativum Darwin Sanger 
Giraffa Kandrew Bridges 


Name a virus which is most commonly used in fundamental 

virus studies, is easy to grow and not infections to humans. 

ТАШ озде mosaic virus)* d 
ch was possi i n the 

сана ‚ров sibly the first organic compound formed о 

(9) Methane*, (b) ammonia, (c) glucose (d) amino acid. 

Self-duplication by autocatalism is the property of— 

(а) purines, (b) nucleoproteins*, (c) proteins, (d) pyrimidines. 

The oldest age when life existed on earth is known аз— : 

(а) Proterozoic, (b) Archaeozoic*, (c) Cenozoic, (d) Mesozoic: 

Prokaryotic organisms probably originated during— 

(а) Archaeozoic*, (b) Proterozoic, (c) Azoic age. 

Age of Reptiles is known aS.........(Mesozoic). 
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The scientist who in 1957 showed the possible way amino acids 
combined to fotm first proteins was— ó 

Miller / Urey / Fox* / Darwin. 
Dinosaurs originated : 

long before mammals*/ with mammals/ before mammals and 
gave rise to them/ sometime after mammals. (CPMT-1986). 
Study of fossils is called : 

Teratology/ Palaentology*/ Taxonomy/ Gerontology. 

(CPMT-1985). 

Amphibia arose in : 

permian/ carboniferous/ silurian*/ devonian (СРМТ-1988), 
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CHAPTER 44 


E EVOLUTION 


Evidences of evolution 


Evidences of evolution are drawn from various fields, such as 
classifications of animals, morphology, embryology, connecting links, 
palaeontology, physiology and geographical distribution of animals. 
These evidences are incontrovertible facts. 

(i) Evidence from classification (Taxonomy)—Grouping of 
animals with common characteristics in one category is one of the 
basic principles of classification of organisms and this is called taxo- 
nomy. Classification started as an artificial system of cataloguing of 
innumerable living organisms, but it developed into a natural system 
based on natural affinities, actual kinship of animals, their physio- 
logy, anatomy, embryology, habits and distribution. It takes into 
account as many characters as possible rather than a few outstanding 
ones, and it is based on the theory of evolution, Accordingly 2 
phylum is composed of animals which show a considerable number of 
similar characteristics of fundamental structure with a common 
ground plan of organization. It is, therefore, reasonable to conclude 
that resembling animals have arisen from a common stock, and the 
differences in them are chiefly due to a variety of adaptations in various 
environments. АП the animal phyla, when viewed together, seem tO 
have no relationship with one another, yet it is possible to arrange 
the phyla in a series of ‘increasing complexity?—the less complex 
phyla occupying lower positions and more complex ones occupying 
higher positions. In such an arrangement, the Protozoa are the lowest 
‚ and Chordata are the highest. In the phylogenetic tree of classifica 
tion, the present-day animals are represented by terminal twigs, 20 
their relationship lies in the main branches and the trunk, their ances: 
tors are either persisting today or died out in the past. The funda- 
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mental relationship lies not only between existing types but more with 
the ancestors from Which they arose. It is absurd to say that man 
arose from the present monkeys, but both have arisen from a common 
ancestor is true. The mere fact that animals сап be graded in order 
of increasing complexity is an evidence of evolution, more and that 
complex forms must have evolved from simpler ones. The natural 
system of classification shows a unity in all existing species, and such 
similarities of structure are due to an origin from common ancestors, 
so that allliving animals are somewhat related. It shows that there 
has been a descent with modifications, and it proves the theory of or- 
ganic evolution. 

(ii) Evidence from comparative morphofogy—Evidences from 
comparative morphology centre around structural correspondences or 
homologies. Organs having the same embryonic origin and basic 
plan, though different in functions, are called homologous organs 
in contrast to analogous organs which have different embryonic ori- 
gin but are similar in appearance and function. Homologies indicate 
relationship between their possessors, but analogies do not. ‘Homo- 
logy is a question of parentage, the stamp of heredity; analogy signi- 
fies merely coincidence of function.’ 

An arm of man, a leg of horse, a wing of bat a wing of bird, and 


UPPER ARM 


FORE ARM 


dd 


DIGITS 


AT HORSE MAN 
BIRD B 


SEAL 
Fig. 621 Homology in the fore limbs of vertebrates. 
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the flipper of seal are apparently different from one another in struc- 
ture and function, yet all of them are built оп one basic plan, the 
pentadactyl plan, hence they are homologous. The differences in them 
are to be explained on the basis of adaptation to special conditions. 
Homologies are to be found in many systems of vertebrates; all of them 
from fish to man, for instance, have a dorsal vertebral column formed 
of a number of jointed vertebrae. Even the brain of man has its vari- 
ous divisions plainly foreshadowed in such lowly animals as the fish or 
frog. Any of the other organ systems of vertebrates when similarly 
compared show homologies of no less striking correspondence. All 
mammals have seven cervical vertebrae, it may be a rabbit with ave- 
rage neck, a whale with no neck, or a giraffe with a long neck, this 
constancy is due to common ancestry. The only conclusion at which 
we can arrive from these evidences is that animals having homologous 
structures must have arisen from common ancestors, and through suc- 
cessive generations extending over millions of years, groups of orga- 
nisms have diverged more and more from the ancestral types, usually 
towards more perfect adaptations to 
their particular place in the world. 

On the other hand the wing of 
bird, the wing of bat and a wing of 
pterodactyl (an extinct flying rep- 
tile), or the wing of an insect, all 
serve the same function, though they 
have different origin and structure. 
The gills of fish and Crustacea are 
analogous; the shape of bodies of 
fishes and whales are analogous. Ana- 
logy is due to a similarity of environ- 
ment, and sameness of functions, 
which result in a superficial resem- 
blance of analogous structures, 

a A special category of homologous 
resemblance is related to vestigial 
organs which were once useful in 
the ancestors but have now ceased 
to have a function, yet linger on in 
a reduced form. There are innu- 
merable instances of vestigial organs, BAT 
to name а few of them, there are Fig. 622 Analogous organs- 
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splint-bones in the feet of a horse; the second finger in the bird’s wings, 
functionless eyes of thany burrowing animals, rudimeütary pelvis and 
traces of limbs in snakes such as python, parietal eye in Sphenodon (a 
reptile) and rudimentary wings in kiwi. Man has as many as 180 vesti- 
gial structures in his body, a nictitating membrane or plica semilunaris 
in the eye, a vermiform appendix at the end of the caecum, a coccyx or 
tail vertebrae, the tail muscles, and the non-functional muscles of the 
pinna are some of them. Many vestigial structures are more fully deve- 
loped in the embryo than in the adult. There are both pairs of limbs in 
the embryo of a whale but the posterior pair disappears later. Likewise 
the embryo of whale is densely covered with hair which disappear in 
the adult. All vestigial organs are useless to their possessor, but their 
lingering presence can be explained only by assuming their inheri- 
tance from remote ancestors in which they were functional, -they 
prove that evolution has occurred. 
ILEUM 


SPLINT BONG 


VERMIFORM 
APPENDIX 


Бей 
Е ae ü 
b E 
E s 


are С 


Fig. 623 Some vestigial organs. ; 
(11) Еуійепсез тош connecting links—We know some animals, 
both living or fossilized, that possess dual characteristics, some reflegt- 
ing their ancestral relationships and some which foreshadow a higher 
group of organization. They are thus “connecting links between 
two major groups and are perfect evidences of evolution. - Neopilina 

is a link between Annelids and Mollusca, Ainiktozoon is a link between - 
Lower Chrodates and Higher Chordates. Calcichordates connect the 
Echinoderms with the Chordates. Half-reptile and half-mammals are 

the Prototherians that lay eggs like lizards, yet have hair like mammals. 
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Archaeopteryx .was half-bird and half-reptile proving that Birds 
evolved from Reptiles. Prototherians confirm that Reptiles also 
evolved into Mammals. Lung-fishes were the link between Fishes and 
Amphibians; Seymouria, an amphibian, was evolving into a Reptile. 
(iv) Evidences from embryology—When the development of 
animals belonging to different species is compared, it is seen that the 
embryos of different vertebrates resemble one another more closely 
than the adults of those species, and the embryos of higher groups 
resemble adults of lower groups. The embryos of a fish, a frog, a 
turtle, a bird and a man at the same age resemble one another so 
closely that it is difficult to distinguish between them, they have more 
or less the same structures, such as gill-clefts and tails. Such corres- 
pondence and resemblance of structures is a clear proof of evolution ' 
and indicates that these forms have evolved from common ancestors. 
The earlier stages of development also show structural correspondence, 


GILL SLITS 


for instance, every chordate begins life as a single cell which by 
divisions produces a multicellular blastula. Blastula by folding OT 
rearrangement of cells gives rise to a double-layered gastrula in which 
Presumptive structures of the adult are laid down. During this 
Process of development, Stages are reached which in general organi- 
zation resemble the lower adult animals, e.g., a vertebrate gastrula 
- resembles a cnidarian. 
The tadpole of frog is fish-like havi a large laterally compressed 
tail with tail-fin, it has gills, first arise c internal, gillslits and 
& lateral line system of sense organs characteristic of fishes. These 


Fig. 624 Embryos of vertebrates showing gill-slits and post-anal tail. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


о э 
ORGANIC EVOLUTION е 917 


fish-like features in the development of frog are a clerr evidence that 
the evolution of Amphibia has taken place from some fish-like ances- 
tors. Sacculina, a Crustacean parasite on a crab, has lost all Arthro- 
pod characters due to parasitism and looks like a bag, but in its 
life-history there is a nauplius larva which enables its recognition as 
a Crustacean. Six pairs of fish-like aortic arches which join the ven- 
tral aorta to the dorsal aorta through gills are present in the embryos 
of Amphibia, Reptilia, Aves and Mammalia which have pulmonary 
respiration. Urochordata are sedentary sacs, they are recognized as 
chordates only'by their development, their larvae have a dorsal tubu- 
lar central nervous system, gill-clefts and a ngtochord. The human 
infant shows some ancestral simian (ape-like) characters, such as feet 
deflected inwards and their soles facing each other, proportionately 
long arms having a power of grasping with bands, and a protruding 
abdomen with legs joined at an angle to the body with an outwardly 
thrust big toe. 

A young organism does not begin life at the level of complexity 
reached by its parents, it must start from a single cell and go through 
a series of intricate changes that have occurred in the course of evolu- 
tion of its ancestral stock before reaching the adult condition. This 
fact led Von Baer and Haeckel to propound the Recapitulation 
Theory or Biogenetic Law in which it is postulated that an orga- 
1ism during its development repeats its ancestral history, or that ‘On- 
iogeny (embryonic development) recapitulates phylogeny (ancestral 
history of the race).’ However condensed the life-history of an indi- 
vidual may be, yet it is an abbreviated epitome of the ancestral 
history of the race and this shows that evolution has taken place. 

(v) Evidence from physiology—Structurally-related animals 
show similarities of physiological and chemical properties; thus all 
vertebrates have more or less the same types of digestive enzymes 
having similar reactions, e.g., trypsin acts on proteins in all animals. 
Respiratory pigment (haemoglobin) in red blood corpuscles and res- 
piratory enzymes are the same. Precipitin tests are used in deter- 
mining and confirming the natufal relationship in the similarity of 
blood proteins. Blood proteins are similar in all mammals or in all 
birds. Blood protein tests show that human blood proteins are most ^ 
like those of anthropoid apes (chimpanzee, gorilla), next, they are like 
those of Old World monkeys (Macaca, Semnopithecus), and next to those 
of New World monkeys (Mycetes); these tests show man's genetical | 
relationship. Blood protein tests show that dogs, cats and bears are 
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closely related; while cows, sheep, goats, and deer form another rela- 
ted group. Blood protein tests show that echinoderms are more 
closely related to chordates than to other invertebrates, or birds are 
more closely related to crocodiles than to other reptiles; these facts 
are also shown by a geological record. 

Oxyhaemoglobin crystals can be obtained from the blood of verte- 
brates, when these crystals are examined it shows that crystals of each 
species are similar and those of allied genera show common charac- 
ters. The crystals of unrelated species or classes are different. Thus 
relations of classes, families, genera and species can be determined and 
their ancestry verified. 

Blood groups also afford a physiological evidence of evolution. 
Human blood may be of one of the groups known as A, B, AB, or O. 
It has been observed that A and B groups are also found in man-like 
apes but not in monkeys thus proving that man is more closely related 
to apes than to the monkeys, and apes, not monkeys, are liable to dis- 
eases which occur in man. 

Hormones of endocrine glands show similar reactions in different 
animals, e.g., thyroid gland controls metabolism, and thyroid of cattle 
fed to humans deficient in thyroid secretion will speed up their 
metabolism. If thyroid glands are removed from a tadpole it will not 
metamorphose, but if it is given thyroid (of cow), it will grow normally 
and metamorphose into a frog. ; 

The various physiological similarities of animals exist because of 
cómmon ancestry showing evolution. 

(vi) Evidences from geographical distribution of  animals— 
Distribution of animals is by no means even or uniform. Each animal 
is restricted to a definite area of distribution called range. The 
Increasing offsprings tend to migrate outwards from a range, but 
enemies, climate and food conditions reduce their population. But 
some are successful in their migration, though in the new conditions 
they become so altered as to constitute new species. 

* Places with the same climatic conditions in different regions of the 
world do not have the same fauna! For instance, elephants аге found 
in tropical countries such as India and Africa, but not in Braz 
Great Britain and New Zealand have the same climate but their faunê 
is different. 

Marsupials and monotremes, the latter being egg-laying mammals, 
are found in Australia and New Zealand and not in other parts of the 
world. Various lung-fishes are closely related, having the same 65500 | 
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tial characters, they occur at widely separated places, such as 5. Aus- 
tralia, W. Africa айа S. America, but not in the ‘regions between 
them. This kind of discontinuous distribution suggests that such 
closely related forms must have the same ancestors and the descendants 
have migrated from the centre of origin into new places and have be- 
come modified. Confinement of marsupials, such as kangaroos, sug- 
gests that Australian continent was once connected with the Asian 
continent, but in the cretaceous period before carnivorous placental 
mammals came into existence, Australia got separated or isolated from 
Asia, where carnivorous placental mammals brought about the extinc- 
tion of marsupials. In isolation monotremes and marsupials flouri- 
shed and evolved into different lines and gavé rise to many types of 
which some are arboreal, some semi-aquatic, some aquatic and others 
terrestrial. This divergence in various directions of the isolated fauna 
is called adaptive radiation and it is an evidence of evolution. 

There may be some obstacles called barriers which limit the dis- 
tribution of animals. Barriers may be physical like rivers, seas and 
mountains for land fauna, or land for aquatic fauna. The barriers 
may be climatic, such as temperature, moisture, humidity, salinity, 
or currents. There are also biological barriers, such as enemies, 
disease and lack of suitable food. But barriers have not remained 
constant in geological time, hence with changing barriers the animals 
have become isolated, died out, or evolved into new species. 

There are two kinds of islands, continental islands, lying close to 
the mainland and which were once joined to the continent, and 
oceanic islands, which were formed by volcanic action of the ocean. 
Continental islands have nearly all types of species of animals found 
on the mainland at the time of separation of the island. They have 
small mammals, reptiles and amphibians which must have been found 
at the time of separation, because these animals cannot cross the inter- _ 
vening salt water. But the fauna of continental islands differs in many 
respects from the fauna of the mainland. These islands have new species 
which must have evolved from the original fauna, and the differences 
can only be explained because of variations which took place after sepa- 
tation; the formation of new species is due to the operation of evolution. 

Oceanic islands had no original fauna, and their animals are those 
which were carried by winds, currents, by birds, or by flying or swim- 
ming. Oceanic islands are characterized by a lack of amphibians aa 
mammals because they cannot cross saline waters, they have bats whic 
fly and rats carried by boats. Hawaiian islands which are oceanic have 
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one bat, one rat, butno amphibians. Galapogos Islands situated some 
860 kilometres west of South America are oceanic islands, the animals 
found on them came from the mainland. These animals show some 
resemblances to those of the mainland but they also differ from them; 
in fact, the islands have many different and new genera and species 
which have been produced by evolution due to variations. 

The present distribution of animals can be explained only because 
geological changes produced physical, climatic or biological barriers 
which isolated groups of animals or helped in their dispersal; these 
migrated animals became modified in new environments to form new 
species, thus affording a strong evidence of evolution. 

(vii) Evidence from Palaeontology—Preserved remains of ani- 
mals are found in the layers of the earth’s crust, these remains are 
called fossils. The study of fossils is called Palaeontology. Fossils 
consist of, (a) hard parts of animals like bones, teeth, or shells, (b) less 
permanent parts preserved by minerals due to petrifaction or 
changing into stone, (c) animals preserved intact in amber, asphalt, tar, 
or oil-shales, (d) moulds or casts of animals formed in minerals by 
the decay of animals and their replacement by minerals showing their 
external characters, e.g., leaves, wings of insects and even jelly fishes 
have been preserved, (е) special fossils of complete carcasses have been 
frozen and preserved in the snows of Siberia and Alaska, e.g., mammoth 
and rhinoceros, (f) burial of animals and plants under several metres 
of ash and cinders as a result of volcanic eruption and explosion. 

The process of fossilization begins as the years go by, the layers 
of mud, gravel, ashes, or other sediments in which the dead are buried 
become covered by other deposits. The weight of overlying sediment 
presses down on the dead animal or plant-containing layers. The 
minerals carried in the water filter into bones and other hard parts. 

. Molecule by molecule the dead organic matter is changed into rock 

or stone. Years later the remains of animals or plants thus petrified, 
become exposed, again by changes in the earth’s surface. The earth’s 
crust may rise during mountain-building movements. When this 
happens, streams cut gorges or canyons through the fossil beds. The 
effects of weather, such as wind, rain and ice, wear away the rocks 
and exposecthe fossils. 

The various strata in the crust of the earth were formed at differ- 
ent geological periods. In various strata different kinds of fossils 
are found, they provide an evidence of past life and the course 0 
evolution. The time that an animal existed on the earth is calculat 


е 


ССО. Vasishtha Tripathi Collection. Digitized by eGangotri 


ORGANIC BYOLUTION ` 921 


by finding out the geological time of the stratum of earth’s crust in 
which the fossils of that animal are found. é 

Evolution of horse—The fossil records show a complete pedigree 
or geological history of certain mammals, e.g., the horse (Equus) 
which runs only on the middle digit of each limb. It had an ungulate 
five-toed ancestor living in the Eocene epoch some 60 million years 


Fig. 625 Evolution of horse. 
A—Eohippus, C—Marychippus, 
B—Mesohippus, D—Equus. 

ago from which arose the horse-like Eohippus. The 

Eocene horse Eohippus was about 30 cm in height, 

it had four digits in the fore and three digits in 

the hind limb. The first and fifth toes of the hind 
legs were short and did not reach the ground. 

It had 44 short crowned teeth with roots but no 

cement. From some such Eocene horse evolved 

more horse-like forms in the Oligocene epoch, of 
these Mesohippus showed a further decrease In the 
number of digits, it had three digits in each leg. 

The weight of the body was supported chiefly by 

middle (third) digit. It was 60<m high, grinders, 

ie. premolars and molars were taller but rooted. 

In the Miocene epoch fossil records of horse-like 

animals showed further decrease in the number of 

functional digits. Merychippus, а Miocene horse, 
was 100 cm high, of the size of a small pony, and 
had three digits in each leg, of which only the 
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middle one reached the ground. It had long cemented grinders for 
both grazing aed browsing. The Pliocene horse Pliohippus was more 
cr less like the modern horse, it was 120 cm bigh, and had one digit 
in each limb, other digits were reduced to vestiges in the form of 
splint bones. The long grinders had cemented, ridged crowns and 
short roots. The Pleistocene horse Equus in all essentials resembled 
a modern horse. It was about 150-165 cm in height and had a single 
digit in each limb, splint bones were covered under the skin. Grinders 
had long crowns with complex enamelled ridges. The evolution of 
the horse occurred in America, some ancestors migrated to Eurasia by 
aland bridge which once existed at the Behring Strait. But in the 
Pleistocene epoch the [оге became extinct in America. In this evolu- 
tion morphological changes occurred in response to changing environ- 
ment from lush vegetation todry grasslands. ; 

Thus in the evolution of modern horse in 60 million years the 
height increased by 135 cm or 0:0012 cm per generation. The head 
and neck were lengthened, limbs were reduced to one digit, ulna and 
fibula were reduced, and changes occurred in length of cheek teeth 
which have practically no roots but have enamelled ridges used for 
grazing (eating grass), while the teeth of ancestors were for browsing 
(eating shrubs and leaves). With these changes the modern horse 


was evolved; it is intelligent, long-legged swift animal suited for open 
grasslands. 


How Evolution has come about—Theories of Evolution 


Having so much of concrete evidences of evolution we now pro- 
ceed to trace the way how evolution might have taken place. Time 
after time theories have come forth to explain the way new species took 
their origin. The fact of evolution is undeniable, but how it has come 
about is explained by various theories about which there is a controversy: 


1. The Lamarckian Theory 


„Jean Baptiste Pierre Antoine de Monet, better known to history 85 
the Chevalier de Lamarck (1744-1829), 


put forth his views in his book ‘Philos 
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particular organ. Continued use of an organ leads to modifications 
in its form so that it is enlarged and strengthened. „ (3) That all the 
changes that have been acquired during the lifetime of an individual 
due to the influence of environment are transmitted to the offspring, 
every time the change moving towards better adaptation. (4) The 
individual has a will to live. 

Lamarck's view may be summarized that environment moulds the 
organism towards better adaptation and all acquired characters are 
inherited by successive generations, so that the animal becomes so 
different from the ancestors that it represents a new species. To sup- 
port his ideas Lamarck referred to the case of a giraffe, which lives in 
the arid African deserts, where, besides a small number of trees, 
there is no vegetation. In order to reach the foliage high up in the 
trees the fore legs have become long, even longer than the hind legs. 
Longer fore legs were not achieved all at once, but gradually through 
many successive generations. With the long legs the head was carried 
high, and in order to stoop and drink water down the neck also be- 
came elongated. Similarly, the stretching of the body in the ancestors 
of snakes, as they made their way through narrow passages in thick 
vegetation, led to their elongation, and the disuse of limbs in such an 
environment caused their gradual reduction and final disappearance. 
Some other instances he quoted were : the moles which lost their 
sight from living underground, the swimming birds which acquired 
webbed feet, and wading birds which acquired long necks and legs 
from stretching. > 

Greatest blow to the Lamarckian theory came from Weismann 
who performed several experiments to see whether acquired charac- 
ters are inherited or not. In one of his experiments on rats he went 
on cutting off their tails for nearly 20 generations, but could not find 
tailless rats. A blacksmith develops powerful biceps by continued 
use of his arms, but they are not inherited by the offspring. Weismann ° 
showed that acquired characters affect the body and are entirely soma- 
tic, but they do not affect the germ cells, hence they cannot be 
transmitted to the next generation, the effects of environment and 
of use and disuse produce variations, but such variations are never | 
inherited. 

Recently, however, 
it has been shown that 
genes, and may bring a change 
parent to such an extent that 


faith in Lamarckian theory has been revived and 
environment can influence the operation of 
so that the possessor may vary from the 
it may be graded as a different species. 
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Tower has shown that the potato-beetles under abnormal conditions 
of moisture and; temperature showed marked changes in the offsprings 
and these modifications were inherited in the next generation. Another 
naturalist Agar found that specimens of a water flea (Simocephalus), 
grown in a culture of green flagellate Protozoa, developed a marked 
change in the shape of their carapace, and the parthenogenetic eggs 
laid by such individuals, when reared in ordinary water, produced 
offsprings which also showed the same abnormality in the carapace; 
but after a few generations this abnormality ceased to appear. It has 
also been shown that X-rays often produce changes in the chromo- 
somes which might lead to such changes in the offspring as to make 
it different from the parents. Such examples by Neo-Lamarckians are 
in favour of the old Lamarckian view, yet there is still much left to be 
found out to put Lamarckism as a convincing theory of evolution. 


П. Darwin's theory of natural selection 


Naturalists Charles Darwin (1809-1882) and Alfred Russell Wallace 
(1822-1913) simultaneously, but separately, published their views on 
evolution in 1858. Earlier, in 1831, when Darwin was 22 years old, 
he sailed on H.M.S. Beagle as Ship's naturalist. He aimed at studying 
the coasts of S. America and islands of Pacific, but was fascinated 
by the variety of life on earth. He returned to England in 1837. 
Darwin in his book *Origin of Species by Natural Selection denied the 
view of Lamarck and claimed that the animals adapted and fitted to 
the environment survive and leave a progeny to continue the race, 
whereas the unfit and ill-adapted perish. The idea of natural selec- 
fon struck Darwin from artificial selection by man, Artificial selec- 
tion of desirable characters in pigeons has produced over 40 strikingly 


different varieties by breeding from the common wild rock pigeon. By 


a slow and steady process of natural selection, in which organism has 


* been undergoing changes according to the needs of changing environ- 


ment, the present-day organisms have become so different from their 
ancestors that they are now graded as new species, 

„ín his ‘Origin of Species’ he regarded variations, struggle for 
existence and heredity as the chief factors of evolution and his theory 
is based on six fundamental propositions. 

с 1. Enormous fertility in the living beings—All living Бей 
have an amazing fertility and every organism has an innate desire t° 
produce. A rabbit produces six young ones in a litter and four litters 
a year, and each young one begins to breed at six months. With this 
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rate there would be millions of rabbits in а given time. The slowest 
breeder, an elephant, begins to breed at 30 years and continues to 
do so until 90 years, during which time it produces at least six young 
ones. If we presume that all the progeny survive, then in a period of 
750 years there will be about 19,000,000 elephants descended from a 
single pair. Similarly, an oyster produces 6,000,000 eggs in a year, 
and if we presume that there are 100 oysters in a given area of the 
sea, in a year's time there will be about 600,000,000 oysters whose 
shell would be eight times the size of the earth. An american oyster 
lays 500,000,000 eggs in a year but usually only one reaches maturity. 
A house-fly lays 120 eggs, six times in a summer; in six generations 
they would occupy 80,000 cubic metres of space. But all the eggs or 
young ones do not live, there is a corresponding check to the total 
number of individuals, and much are destroyed with the rapid increase 
in number of organisms. The great fertility of animals is compensated 
by great destruction, so that the total number of individuals of any 
species remains constant. 

2. Struggle for existence—Since the number of individuals 
produced is far more than the number that will ultimately survive 
there is an everlasting competition between organisms at all levels of 
life. This fact came into Darwin’s mind when in 1838, Darwin 
chanced upon a copy of T.R. Malthus’ essay on population. In 
this essay Malthus had said that humans reproduce many times more 
rapidly than they can increase their food supply. This leads to struggle 
for existence. Every individual will try to beat down the others to 
fulfil its requirements of life; in other words, there will be a struggle 
for existence. The struggle may not be conscious, but it is none the 
less very real. This struggle may be of three types : (1) Intraspecific 
struggle is the struggle between the members of the same species; since 
their needs are precisely similar, and every one of them tries to take 
the most of the food, shelter, light, etc., and also to produce more in- 
dividuals to perpetuate the race. Sexual selection is one of the most 
Dotent forces. A hornless male stag will have less chance of mating 
and leaving a progeny than the one that has horns. (2) Interspecific 
Struggle is the struggle between the members of different species, it 
is the struggle between the aggressor and the victim, for E 
tiger struggles to find its prey such as a deer or a rabbit, and the 
Or rabbit struggles to escape from the tiger. Interspecific n 
affects man in food, living space and infections by Баа. a 
parasites. (3) Struggle with the environment is the struggle with the 
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excess of moisture or drought, with cold and heat, and with other 
climatic changes, these eliminate many animais. 

3. Variation and heredity—The differences from the parents 
or from the members of the species are called variations, without 
variations evolution is not possible. No two individuals of a species 
ore exactly similar, but there are differences. Variations give rise to 
new characters and heredity passes them on to the next generation. 
Any variations of an individual are useless for evolution if they are 
not heritable. Three sets of contrasting variations are recognized : 

A. Meristic and substantive variations—Meristic variations are 
changes in the number of repeated parts of an animal, e.g., man may 
have six digits instead of normal five. Substantive variations аге 
changes in the size, shape, or colour of an animal, e.g., one family 
member may be very tall, or colour of hair may be different. 

B. Continuous and discontinuous variations—Continuous ог 
fluctuating variations are small changes on either side of an average 
condition, they may be inherited by the progeny. Discontinuous vari- 
ations or mutations are new and conspicuous characters which appear 
suddenly, e.g., hornless cattle from horned parents, they are heritable. 

C. Somatogenic and  blastogenic ^ variations—Somatogenic 
variations or acquired characters are changes acquired in the lifetime 
of an individual due to environment, on which Lamarck relied, but 
they are not inherited, e.g., change of complexion in the tropics. } 
Blastogenic or germinal variations are changes due to modifications ш `' 
germ-cells; they may be obvious from birth, e.g., colour of eyes, % 
they may appear later, e.g., height. Blastogenic characters are here- 
ditary and are transmitted to the offspring. 

4. Natural Selection or Survival of the Fittest—Vast num- 
ко a gums compete with each other, but only those survive whi 

ourable variations and at least some of them reproduce ап 


transmit their variations to the offspring. Thus after many generations 


the species becomes better adapted to its environment. The others 
haying no favourable variations are automatically weeded out. THUS 
in nature, a process of selection goes on, in which the fittest an 
best suited survive, while the unfit and ill-suited perish. This typ? © 
selection Darwin called ‘Natural Selection’, Herbert Spencer called 
it ‘Survival of the fittest’, to indicate the automatic weeding 00 
of the less perfect forms. Natural selection or survival of the fittest 
may be illustrated by the insects of Kerguelen Islands. Strong 
keep blowing towards the sea due to which small flying forms would 
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easily be blown away to die, for this reason all the insects of these is- 
lands are flightless of have no wings. Evolution of horse affords an- 
other illustration. In the eocene epoch, there was enough vegetation 
upon which eocene horse could easily depend, but in the later periods 
environmental changes were such that meadows and grasslands were 
separated from one another by long areas of dry and arid land; con- 
sequently, only those individuals could survive which could run fast 
on hard lands to reach new grasslands, others were weeded out. This 
3 repeated and intensive selection in nature led to modifications to- 
wards adaptation, towards fitness, towards a moulding of the body 
and its behaviour, all amounting to the formation of new species. 
The most successful animals are those which have many adaptations. 
Natural selection causes heritable variations which would produce 
new species over the long period of geological time. 

Recent examples of natural selection—In recent years there have 
been many examples of natural selection of organisms in response to 
insecticides and drugs. When the insecticide DDT was first used 
on mosquitoes, it was successful in killing them. Now a number of 
years later mosquitoes have developed ‘a resistance’ to DDT. How 
do we explain this resistance? During the first few years when DDT 
was used in a particular locality, almost all the mosquitoes were killed. 
There were a few mosquitoes, however, which, because of some inherited 
variation, were not killed by DDT. Since the mosquitoes of this 
type could survive and reproduce, they soon outnumbered the 
less-resistant type of mosquitoes in that area. Hence, in the following 
years, DDT was less effective against these mosquitoes. The DDT 
provided the changed environment which resulted in natural selection; 
DDT did not give resistance to the mosquitoes. = : 

Reports are known of humans having bacterial infections which 
have become resistant to certain antibiotics. This is also the work Я 
of natural selection іп the changed environment. In such a change 
a variation which produced resistance to antibiotics meant that some 
bacteria had an advantage over others and that this advantage was 
inheritable. © 

5. Variations in the organisms due to changing environ- 
ment—An organism can never be said to have reached perfection so 
far as adaptations to environment are concerned. Environment is^ 
never constant, so that a particular variation which was best suited in 
a given misma may prove unfavourable in the changed environ- 
ment. Therefore, in order to survive in the struggle for existence, an 
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organism must be capable of changing in response to the changing 
environment. In the mesozoic era, the environraent provided for the 
rise of great reptiles, some of which were 12 metres long and 6 metres 
high, they occupied land, water or air. But in the latter part of the 
mesozoic era glaciation led to changes in the temperature and in the 

' contours of the earth, vegetation on which giant dinosaurs fed became 
rare. In such conditions the huge reptiles could not cope up with the 
environment and soon became extinct, whereas smaller forms that could 
withstand cold by producing new variations and could depend upon a 
carnivorous diet were able to survive. The environmental changes 
are in food supply, climatic and geographical conditions. Greenland 
was once a warm couhtry before its environment changed. 

6. Origin of new species—Darwin argued that if a group of 
individuals belonging to the same species survives the conditions of 
life through continued variations in different directions and natural 
selection, then each variant after many generations will be so different 
from its parents and ancestors that it will be graded as a new species. 
The same process, continued through the many millions of years which 
have elapsed since the first life appeared on the earth, is a sufficient 
force to have given rise to all living animals of today. There must 
have been a splitting up of the members of old species into a number 
of different groups by natural selection, which eventually became new 
species. Lion, tiger, leopard and cat have many features in common 
hence they must have diverged from a common ancestor through 
variations and natural selection and are now ranked as different Spe 
cies. This is Darwin's conception of ‘Origin of new species by n8 
selection' and it is summarized in the form often termed Wallace's chart: 

Facts Deductions 
А—1. Rapid increase in the number \ 


zone 


of offspring. 


2. Total number approximately 
stationary. 


Struggle for existence. 


B—3. Struggle for existence. Natural selection or 50 
-4. Variations with heredity. vival of the fittest. ide 
C—5. Survival of the fittest. Structural nod ech 
A 2 і о 
6. Changing environment. \ HUN 5 


^ Criticism of Darvin's theory—Darwin's theory is admitted E 
probable explanation ef evolution, but it is only a part of the 60 


nation and Darwin himself had some doubts, 1. Natural selecti! ^ — 


| 


not the sole cause because new species often arise as mutations d 
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their variations show no advantage over the parents. 2.' Darwin's 
theory does not distinguish between heritable and, non-heritable 
variations and it does not explain the origin of variations which must 
be present before any selection can operate. 3. Natural selection is not 
a creative force, but only a guiding factor. The factors which bring 
about variations must obviously be the causes of evolution. 

Thus in view of such objection natural selection is regarded only asa 
directing and controlling factor and not an initiating force. It accounts 
for the preservation rather than the origin of favourable variations. 

ПІ. Mutation theory 

Mutation theory is most acceptable and it meets the objections to 
Darwin's theory. Mutation theory holds that evolution is based on 
abrupt, relatively permanent germinal variations, instead of slow 
fluctuations, as held by Darwin. Such sudden and abrupt variations 
are called mutations or  discontinuous variations, which may 
occur in any conceivable direction and in any part; they may be 
mental, physical, useful, indifferent or harmful; they may be qualita- 
tive, quantitative, large or small. | 

Mutation theory was put forth by a Dutch botanist Hugo de Vries 
(1848-1935) in 1901. His theory held that new species arise suddenly 
and fully established from parents which may continue to live side 
by side with the new form. His conclusions were based chiefly on 
experiments with the evening primrose (Oenothera lamarckiana). He 
Planted seeds of this plant and found that while the majority of the 
seeds produced plants exactly like the parents, yet some were so diffe- 
rent that they could easily be classified as new species. The differen- 
ces were well marked in the size of flowers, shape of leaves, colour of 
stems, size, shape and arrangement of buds, size and distribution of 
seed capsules and habit of growth. Such new species were termed 
‘elementary species’ by de Vries. i 

His pla stig were repeated by other workers such as Mac Dou- 
gal and Schull in America and Gates in England, and were found 
to be acceptable. Some workers tried to prove ‘elementary SPECIES 
as a cause of Mendelian principles taking Oenothera lamarckiana as a 
hybrid, but the presence of a different number of chromosomes © Ge 
elementary. species is sufficient to prove that they are not Mende 
recombinations, but distinct species. Oenothera lamarckiana has ы 
chromosomes (diploid number) but new species derived аза aay 
mutations were found to have 15, 16, 20, 22, 24, 27, 28, 29 an 
chromosomes. ; 

A. B.—60 
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It is ас established fact that abrupt variations do occur and that 
they are as a rule heritable. Amongst animals such mutants are not 
uncommon; liornless cattle, tailless cats, hairless dogs are some of 
them. Chromosome mutations produce new types by altering the 
assortment of genes which are transmitted to the progeny. Gene muta- 
tions also occur; they are a change in a single gene which alters the 
original character or gives rise to new genes. Gene mutations affect 
body characters, they may be dominant. incompletely dominant, or 
recessive, but they are always inherited. Gene mutations are adequate 
to explain evolution in the long geological time. 

Mutation theory of de Vries was widely accepted when it was 
proposed because mutations are of common occurrence and are репе 
rally heritable. But today, his theory has largely a historical impor- 
tance only because the sudden conspicuous changes in Oenothera 
which he termed *mutations' do not seem to be real mutations but are 
rather stable hybrid combinations. What he called new species were 
due to segregation of recessive characters present іп the wild Oenothera, 
and were due to chromosomal rearrangements rather than to gene 
mutations. Moreover, mutations cannot explain the presence of all 
the different adaptations seen in nature, though some of them maj 
have been brought about by mutations. 

The modern concept of evolution and origin of new species jsa. 
combination of Darwin's natural selection, mutations, and environ 
mentally affected genes. Evolution is essentially a change in the genet" . 
constitution, either in the individual genes or in their arrangement 
aad distribution in chromosomes. Once mutations have occu 
they are likely to become more and more established. If the chang? 
are of selective value, then the genetic structure of such new species # 
pee moulded along the path of superior adaptation. Se 
Am LEUR age Е however, а slow process. Natural se 
cus S RN us er constitute the foundation of what p: 
Win E Мац шот of origin of species put forth ipt? 

BOIS ORI when EAR ansky in 1937. Natural selection comes 
s have come into existence. 
3 


NEW LOOK AT NEO-DARWINISM 
- EVOLUTION VERSES CREATION 


5 at 

Evolution theory as put forth by Darwin and others stat® Б | 

all living things have arisen from а single cell, which had arise? пй 

non-living matter. The evolutionary process, it is believed, 6 

{ 
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over a period of many. hundreds of millions of years. 2 Many scien- 
tists drawn from alPdisciplines of science have started to question the 
slow process of evolution. They are thinking of Divine Creation and 
believe God created animals and plants based on its own creative mo- 
dels. They do not believe, for instance, that man evolved from apes 


or that the remote ancestors of Man, apes and monkeys were the same. . 


Thus Man, from its creation was a man by all means. Believers of 
Creation do not even give the status of a ‘theory’ to Evolution, for 
evolution cannot be experimentally proved or no one ever witnessed 
evolution. A theory must be scientifically proved. Creation, too, has 
not been witnessed by anyone and cannot be shown to occur. experi- 
mentally. 2 


Often the example of peppered moth of England is cited as th 
most striking evolutionary change ever witnessed by man. Before the 
industrial revolution in England, the peppered moth, Biston betularia, 
had a light-coloured body and wings. A variety of the same moth 
with dark colour existed in minority. The dark-coloured moths res- 
ted on the light-coloured tree trunks and lichen-covered rocks during 
daytime. Their presence was easily detected by the birds because 
of the colour contrast, so they were eaten up by the birds. In course 
of industrial revolution, the chimney smoke of the factories ran on 
coal, deposited on the tree trunks which, therefore, became dark colo- 
ured. Now it became difficult for the same birds to detect the dark- 
coloured peppered moths resting on the dark-coloured tree trunks. 
Birds ‘hunted more on the light-coloured moths, which, therefore, 
be came a minority variety. Today, 95% peppered moths in England 
are of the dark-coloured variety. | 

Supporters of the Creation argue that this kind of change in the 
population of peppered moths cannot be called an evolutionary 
change, for all the peppered moths, whether light or dark, remained 
from the beginning to the end peppered moths, Biston betularia. i 

Darwinism challenged—Evolutionists have often challenged Crea- 
tionists to give experimental proofs that species have been fashigned 
de novo. Creationists have similarly demanded that Evolutionists 
show how chance mutations can lead to survival of the fittest, or ex- 
plain why natural selection has favoured some species but not others 
with special adaptations, or why natural selection allows apparently 
harmful organs to persist. We can content ourselves by ps asta 


that neither challenge is fair. p 
The greatest challenge to Neo-Darwinism 


E 
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logical evidences of Evolution, which are missing in many of the most 
important places.. Links between some major groups of animals sim- 
ply. are not there. Take, for example, Archaeopteryx, the fossil link 
between Reptiles and Birds.. This bird, everyone agrees, was not an 
ancestral bird, it was far advanced and was really a bird. If we 
accept that some small, light-bodied, bipedal flesh-eating dinosaurs, in 
course of millions of years, transformed into a bird like Archaeopteryx, 
then where are all those transitional stages ? If Archaeopteryx could 
be fossilized, why not the transitional stages ? We do not get a single 
such fossil. Creationists question the very link of Archaeopteryx 
with Reptiles. . Evolutionists support their views by quoting the pre- 
sence of teeth on the jaw bones and claws on the wings in Archaeo- 
pteryx. Claws on wings is not a primitive character, they are present 
in the living bird Hoatzin. Presence of teeth on jaws is equally in- 
Significant. There are toothed fishes and toothless fishes, toothed 
amphibians and toothless ones, toothed reptiles and toothless ones, 
toothed birds and toothless birds, toothed mammals and toothless 
mammals. 

.. Man from apes—a hoax : For decades it has been held that man 
evolved from apes and a large number of fossil evidences have been 
preserved and described so convincingly that nobody today would care 
to listen to what Creationists have to say about the evolution of man. 
Creationists remark that majority of fossil evidences of man’s evolu- 
Hon were fragments of skeleton or teeth; a tooth here, a femur there, 
a, piece of frontal bone, a mandible, or a piece of pelvis, on which 
eyolutionists developed with authori , reconstructions of prehistoric 


man. Records show that some of such evidences later on proved to be 


frauds. Creationists believe that all such fossils which were supposed 


to be of ape-man, man-ape or prehistoric man do not resolve the 
mystery of man’s evolution and firmly hold that apes and humans 
existed at the same time. The fossils which had ape-like characteris- 
tics were really of the apes. Some of the characteristics of the apes, 
like high-brow ridges, protruded jaws, heavy. mandibles, low cranial 
capacity, broad shoulders or heavy neck muscles are those on which 
evolutionists base the evolution of man from apes. A review of these 
characteristics shows that even today we get humans with such chara- 
cteristics but we do not call them ape-men or man-apes. How canit 
be ruled out that the fossils of prehistoric man were not the outcome 
of hormonal disbalances or diseases like arthritis ? Heavy jaws or high- 
brow ridges might have been due to acromegaly. Very strongly built 
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and abnormally large body might have been the result of overactive 
pituitary ; Conversely, short bodies might be cases of nanism (dwarfism). 
Africa is believed to have been the cockpit of Man's evolution. For 
ages, the continent has been known to be a land of poor nourishment, 
disease and death. Conditions today in Africa are not much different 
from what they used to be thousands of years before. 

Many more examples can be quoted where Darwinism has no 
answer. How did bats evolve wings ? The difference between the 
bat and its flightless, shrew-like ancestor is great. Yet nothing in 
the fossil record even remotely suggests that there was a slow, Darw- 
inian evolution from a walking limb to a wing. The general assumption 
is that whale’s ancestors were primitive hoofed mammals that moved 
from land to sea, and that during this period there ‘must have been’ 
an intermediate amphibious stage. But there is no fossil evidence for 
that. Museums the world over have thousands of fossils of early 
invertebrate sea creatures, and an equally large number of ancient 
fish species. Between the two, covering a period of about 100 million 
years, one would expect to find fossils blending so gently into one 
another that it would be difficult to tell where the invertebrates end- 
ed and the vertebrates began. Instead, groups of well-defined fish 
jump into the fossil record seemingly from nowhere. 

Mutations— Generation after generation the genes pass on from 
parents to daughters unaltered and code the same instructions over 
and over again. Once in a while genes make a mistake and lead to 
mutations. Darwinism was basically built upon slow mutations, 
accumulating in millions of years to bring an appreciable change in 
the organism towards the construction of new species. Our present- 
day knowledge of mutations shows that majority of mutations are 
harmful. Hornless cattle, hairless cats and tail-less dogs are some 
animal mutations. Truly, they put the owner in a position not quite 
favourable. Sickle-cell anaemia in Man caused by a single gene muta- 

: Е ; d leads to heart dilation, by 
tion causes serious deformity of RBC an Be ye NOM 
lowering the oxygen-carrying capacity of the RBC. Yet, the tools 
believe Darwinism, which singléd out useful se D Se 

of evolution? Should we believe in the statement Bees МКО 
States that a favourable chance mutation pee as : н ани 
Plants or animals by natural selection Сур с believe that random, 
Of years, a new species then emerges”. May we 

Useful and slow mutations can pro 
the human eye? 
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For the eye to work, it must have a device to keep the eye sur- 
face clean from foreign particles and remain moist at the same time, 
Light passes through the cornea and continues via a self-adjusting 
aperture (the pupil) to a similarly automatically adjusting lens, which 
then focuses it on the back of the retina. In the retina 130 million 
light-sensitive rods and cones cause photochemical reactions that 
transform the light into electrical impulses. These are then transmit- 
ted to the brain at a fantastic speed. 

How is it possible that thousands upon thousands of lucky muta- 
tions happened coincidentally so that the lens and the retina— which 
cannot work without each other, evolved exactly at the same time? 

Darwinism fails where Creation succeeds— 

Darwinism, briefly put here, fails on three basic fronts : 

(1) Genes are basically the tools of passing on the same instruc- 
tions for boundless times, they are a powerful stabilizing mechanism 
and not for disrupting the normal instructions. They, thus, minimise 
the chances that new forms will evolve from genetic mutations. 

(2) Random mutations at the molecular level hardly explain the 
organized and growing complexity of life. 

(3) The fossil record often shows а pattern of evolutionary leaps 
rather than the gradual changes as Darwin put forth. 

(4) Environment is important, or rather crucial to evolution, 
particularly to its speed. This is in strong contrast to Darwinism that 
environment leads only to the weeding of the unfit gene mutations. 

<5) The enormous evolution of species is not the accumulation 
of many small changes (slow variations) brought about by intense 
struggle for existence and the survival of the fittest in a crowd 
population. Instead, as modern naturalists believe, evolution of new 
species goes hand-in-hand with severe environmental upheavals 

„followed by quiet or relaxed population pressure. This can be visu&- 
lized by a few instances. Say, the march of vertebrates on land which 
gave rise to amphibians. This was achieved by a supposed disaster 
all over the globe which threw a number of amphibious animals ОЛ 
the shores of the great oceans and seas. Many must have died in 
such conditions. Some could survive. Amongst the surviving mothers 
a changed food on land, hardships, exposure to new climate 20 
ácquired immunity to diseases on land led to intense genetic pressuré 
on the unborn young. The resulting chromosomal changes produ 
thousands of mutant monsters. Not all such mutants were norma 
some were dead even before they were born or some were not 01010" 
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gically fit to produce, the next generation. But the chromosomal 
change continued and after a few generations at least some amphi- 
bious varieties were successfully living on land near waters. The new 
species thus formed, lived peacefully and reproduced, at the same 
time spreading over vast unpopulated areas of the earth. 

IV Synthetic Theory of Evolution by Genetic Variations 


For generations at a stretch, genes duplicate with fine precision and: 


the characteristics of a kind or species of organisms remain stable or 
without recognizable change. This does not mean that the genes are 
not subject to change. Mistakes or faults do occur in duplication. 
Often genic changes are “forced”, i, e. take place due to a powerful 
external agency, such as high energy radiations, affecting the bio 
chemistry of DNA molecules and the sequence of the purine and 
pyrimidine bases. These small variations are called mutations and are 
the cause of microevolution. New combinations of genes after genic 
mutations are also possible. Genic mutations in the body (somatic) 
cells may result in variations in body characteristics, and if they take 
place in the sex cells, the variations are transmitted to the subsequent 
generations, : 

Most of the variations are harmful because, for a given environ- 
ment the genotype of the species has become highly adapted and will 
not tolerate any change. 

Alternatively, an advantageous genic mutation will be welcome and 
will be incorporated in the genotype through natural selection. Thus, 
through the accumulation of useful mutations a species will chauge 
towards betterment, be more suited to the environment and have more 
survival value than the form before the changes. Mutation is thus 
the primary source of genetic variability. і 

КЕСЕ form of pane variability results from various forms of 
chromosomal recombinations during meiosis, when partners of E 
homologous chromosomes come very close together. АШ formaro 
mutations and recombinations such as deletion, ees Ad 
and translocation bring about significant changes 1n ш [o e. 

The effect of genic variations is often not expressec. AU 
forward reason for this is that majority of organisms are n Fn (Ge 
a small genic change (mutation) gets suppressed or 81900 
though harmful) and remains recessiv 
gene on the other partner chromoso 
the mistakes (mutations) committed by the ge 


selection immediately. 


me. Thus in diploid organisms, 
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Accumulated genetic variations, on the other hand, are expressed 
and often lead tò reproductive isolation. For instance, a given genetic 
variation identifies a group of individuals from other individuals of the 
same species, in having certain traits which offer better chances of 
mating and producing larger number of offsprings than other indivi- 
duals in whom such variations did not take place. In course of time, 
one or several such “identified” groups will result into races or sub- 
species though interbreeding freely. 

Races separated by geographical barriers may not have a chance 
to interbreed, or interbreed only in the overlapping zone. This kind 
of geographical isolation will also result into the breaking up of the 
mother species into subspecies. Thus new species may be formed by 
genetic variations. 
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4 Б Questions А 
1. Give evidences from comparative anatomy in support of evolution. 
2. Differentiate between vestigial organs and rudimentary organs 
Give examples of each. 
3° Маке а list of at least 5 vestigial organs found in Man’s body. Р 
With suitable instances explain ‘Ontogeny recapitulates Phylogeny « 


5. Basing your statements on comparative anatomy and physiology: 


prove that the nearest ancesto ДЕ 
monkeys. rs of Man were apes 


Explain the terms : 
and petrifaction. 


Enumerate the salient features of Lamarckian or Darwinian 
Theory of Evolution. 


6 
7. 
g Discuss “struggle for existence’? and “survival of the fittest” with 
suitable examples. d 
9. Define “heredity” and “variations”. Discuss “somatogenic 28 
2 blastogenic variations” with suitable examples. 
10. What was the “basis” of the Mutation Theory of de Vries? НО“ 
_ was it more logical than other contemporary theories ? by 
11. The concept of ‘survival of the fittest? was first put forth DY 
(а) Malthus, (b) Wallace*, (c) Darwin, (d) Lamarck: 
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Number of vestigial organs in Man is— 

100 / 200 / 180* / 80. 0 
To which organ-system do these vestigial organs belong— 
(a) plica semilunaris, (b) vermiform appendix, (c) coccyx. 
Recapitulation theory was propounded by— 
(a) T. H. Morgan, (b) Schwann, 
(c) Von Baer and Haeckel*, (d) Lamarck. 
What groups do these ‘connecting links’ connect— 
(a) Prototherians, . (b) Archaeopteryx, 
(c) Neopilina (d) Calcichordates. 
The naturalist symbolic of the Voyage of Beagle was— 
(a) Lamarck, (b) Malthus, (c) Darwin*, (d) Mendel. 
Why do biologist explain adaptation in terms of Darwin’s theory 
rather than Lamarck’s? : 
Who coined “Survival of the fittest” ? 

Darwin / Spencer* / Malthus / Lamarck. 
According to Neo-Darwinism which one is responsible for the 
evolution of organisms : mutations / natural select ion / mutations 
and natural selection* /cither mutation or natural selection. 
(СРМТ—1986). 7 
Which one of the following set of structures represents all 
vestigial structures in human body : 
(a) vermiform appendix, body hair, cochlea, 
(b) wisdom tooth, coccyx, patella, , 
(c) coccyx, vermiform appendix, ear muscles* 


(d) body hair, ear muscles, atlas vertebra. (PMT—1990) 
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Like any other present-day mammals such as horse, elephant 
and camel the modern man (Homo sapiens) too, evolved from аш- 
mals simpler than himself. Man is the supreme being. Before 
reading through the records of his evolution, let us learn the character- 
istics that have made man a supreme animal: 

(i) Stereoscopic vision—With his eyes placed forwards rather 
than on the sides of the head, man has a definite advantage of seeing 
an object with both the eyes simultaneously; this is what is meant by 
stereoscopic vision. The images from each of the two eyes are 50 
coincided that the brain is able to make accurate judgements of the 
relative nearness and distance of objects, and visualize a 3-dimensio- 
nal picture of the object. 

(ii) Large brain—The cerebral hemispheres and cerebellum of 
man are relatively larger than those of other vertebrates, their surface 
area is immensely increased by the foldings of the grey matter. Ап 
average modern man has a cranial capacity (volume of brain box) 
of 1450 c.c. large size of the cerebral hemisphere means greater 
intelligence, and the large size of cerebellum means greater coordi- 
nation of muscles and other organs. 

(iii) Ability to learn and transmit experiences—The most unique 
characteristic of human is the ability to profit from the accumulat 
and transmitted experience of other human beings. This 1s what 
the anthropologists mean by the term ‘culture’. This ability {0 
transmit information and experience from one individual to anothet 
ahd from one generation to another is most clearly recognizable 12 
‘languages’ and their records. But, nothing is known about the 
language of man when he was evolving. The only evidences to prove 


this characteristic, as we shall learn later, are the prehistoric tools: 
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His tools are of such, significance that the archaeologists define man 
as a "tool-making animal": 9 

(iv) Less dependence on smell—Man depends more оп his stere- 
oscopic eyes than his nose in recognizing the objects and estimating 
the distance of the objects. 

(v) Oppesable thumbs and grasping hands—Man and his near 
relatives, the apes and monkeys, have this characteristic of holding 
objects by means of hands and opposable thumbs, thus bringing the 
objects in front of the eyes for making accurate judgements. 

(vi) Erect posture—Man is a biped, i.e. walks on his hind legs. 
To enable him to maintain erect posture, the vertebral column is ver- 
tical and the broad basin-shaped pelvic girdle easily balances the trunk 
on it. With the erect posture, the fore limbs become free from loco- 
motion for a variety of uses, especially grasping the objects and bring- 
ing them in front of the eyes or into the mouth or reaching for the tree 
branches, on which early man lived. | 

(уй) Foramen magnum below the brain box—In all other animals, 
the foramen magnum is behind the brain box, but in man it is well 
below the brain box. This shift in the position of foramen magnum 
allows him to look forward while his vertebral column remains straight 
and vertical. Eu 

(vii?) Unspecialized teeth—Horse’s teeth are specialized for brow- 
sing hard grasses and the teeth of carnivores (mammals) are pre 
lized for tearing the flesh, but man's teeth are not specialized. These 
enable him to be an omnivorous animal. 


MAN AND THE EARLY MAMMALS : A RECONSTRUCTION 
OF MAN'S PAST 


m in mind, we 
Keeping the chief characteristics of modern тап 10 ито 

can look back into his past and find out his ашаа 
whom he evolved step by step. In the 110 to 70 ma diee 
past of earth's history of life on it mamman ae ШШЕ A grosp 
from their reptilian ancestors. Among the ear y a E CODE are 
of insectivores called shrews, took ue ше БЕК esca doy shrews 
living today, but from the characteristics of the pr 


We can assume that those shrews had sensitive long es eed 
that distinguished clearly between sounds е коз үш ащ 
а good sense of balance. Life in trees must im 
and ears than upon nose an i 


to depend more upon the eyes an" ty of grasping type of hands and | f Э 


They must have also felt the n 
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feet to walk on tree-branches and hold them firmly. Our fossil 
C 


AK PRON TD 
NT BIOS esl 
je 14 


Fig. 627 Lemur—Ring-tailed lemur 


records show that, from such 
ancient tree-shrews, descended 
a group of mammals called 
lemuroids. The  present-day 
lemurs are found in the jungles 
of Malagasy Island east of 
African continent and in South 
India. They live on trees, have 
grasping hands and feet, flat 
snouts with short noses, large 
eyes that face more forwards 
than sideways and long bushy 
tails which help them to balance 
the body while leaping from 
branch to branch. Thus lemurs 
demonstrate progress towards 
greater emphasis on vision and 
less on smell. 


From the lemuroids, evolved another group of tree-dwelling 


mammals called tarsioids. The 
fossil and present-day tarsiers 
(found in Indonesia) show similar 
characteristics. "They are noctur- 
nal» insectivorous and in general 
appearance more like monkeys 
than like lemurs. Their small 
heads have flat snouts, foramina 
magnum opening downwards; the 
heads can be turned through 180°, 
so that they can see backwards. 
Their eyes face much more nearly 
forwards than in lemurs and their 
snouts are shortened, their noses 
thus resemble those of monkeys. 
Their external ears are Jarge and 


‘mobile and the sense of hearing 


an 
is very keen. Their hands and  Fig.628 Tarsius—the spectral P^: 


feet are of grasping type. The digits, except the second,an 
the hind limbs, have nails. The shift in the position of eye 
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sides (о front, stereoscopic vision, shortening of nose, ‘nore specia- 
P lized hands and feet and better brains than the lemurs, gave the 
tarsiers a considerable advantage by helping them in judging distan- 
ces as they leaped from tree to tree. Most of the tarsiers died out 
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ГО КУРС) (ТНЕ МАМ) 


Fig. 629 Evolution of Apes and Man. 

Blank arrows show evolution along the lines. 
i iod, ' illi but their descen- 
in the Eocene period, about 40 million years back, é 
dants ЖЕСТ in other directions by the close of Eocene period 
and beginning of Oligocene period. These descendants, "m тей; 
ced noses, stereoscopic eyes, grasping hands and feet wi zat 
on fingers and toes, became the ancestors of Anthropoids. This. 
natural group of mammals comprises the monkeys, apes and кишш 
characterized by life on trees, and continued use of brain, eyes an 
limbs. 
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Concept of the age of Man on earth—Our earth is estimated to be 
about five billion years. Life may not have existed on earth until 
about two billién years ago. If the 5 billion year history is compressed 
into one calendar year, then life came some time in July. Reptiles 
came around middle of December, and man came at about 10 p.m. 
on December 31; i.e. about less than a million year ago. 


More than 25 million years ago; probably in the late Oligocene 
or in early Miocene, the ancestors of apes and man began evolving 
on separate lines- (i) Family Pongidae, the apes, apparently remained 
on the trees and walked on all fours, (ii) Family Hominidae, the ance- 
stors of man, coming down to the ground and walking on twos. 
Swinging throügh the drees on arms that grasped the branches, ape's 
arms became longer and stronger than their legs. On the contrary, 
the ancestors of man, moving on the ground, progressively developed 
longer and straighter legs, hands retained opposable thumbs while 
the use of big toes in the feet tended to disappear; their hearing became 
sharper and eyes more and more adapted for a 3-dimensiona! vision. 
Foramen magnum progressively shifted to the underside of the brain 
box to enable them to look forward. Present-day great apes look 
forward too, but only by leaning forward and slightly curving the back. 


Evolution of ape and man 


Apes and man—Modern apes and man having evolved from com: 
mon ancestors diverged in different lines. 


Whereas the apes retained generalized anthropoid characters, map 


sperialized in many characters, some of which are illustrated Ш 
Fig. 629 and others contrasted below. 


а 2. 


(A 


ECK 
MUSCLES 


Fig. 630 Comparison of skulls. A—Gorilla, B—Man. 
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. Outthrust head 


Apes 

9 

buried in 
heavy shoulders. 


^ 


Man 


. Erect head and slender neck. 


2. A snout-face with flat nose. | 2. A pushed-in face with raised 
nose. 

3. Heavy brow ridges. 3. Weak brow-ridges. 

4. A massive jaw with receding | 4. A small jaw with a prominent 
chin. chin. 

5. Large teeth 5. Small teeth. 

6. A low flat skull 6. A large and more domed skull. 

7. Foramen magnum directed | 7. Foramen magnum directed 
backward. downward. 

8. Neck muscles attached to the | 8. Neck muscles attached below 


back of brain box, allowing 
limited movement of head 
oa the neck. 


the brain box, allowing great- 
er freedom of movement of 
head on the neck. 


9. Less erect posture. 9. Fully erect posture. 
10. Longer arms than legs. 10. Shorter arms than legs. 
ll. Big toes opposable. 11. Big toes not opposable. 


12. 


They cannot have the soles 
flat on ground during wal- 
king. They walk on the 
outside of the hands and 
feet. 


. Small brain box (Gibbon 100 


c.c.; Orangutan 395 C.C., 
Chimpanzee 400 c.c. and 
Gorilla 510 c.c.) 


‚ The sole of the foot falls 


flat on the ground. 


Large brain box, about’ 1450 


с.с. 


The living apes include the gibbon Hylobates, ane Ms 
Pongo from S.E. Asia, and the Chimpanzee, Ранги а head, an 
Africa. Gibbons have a comparatively m ae es apes have 
entirely arboreal life, i.e. life on trees, but Hos the ground, moving 
heavier bodies and for most of the day; рон es they may eat 
in a semi-erect postüre. All apes are ye M rk and defence. 
meat occasionally. The large canines are use m s and ancestral 

Not much is known about the stage oe ; beat the common 
man diverged along different lines. Son adit the Miocene period 
ancestor of pongids and hominids are provi у 
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fossils (about-25 million years back) named Proconsul and Dryopith- 
ecus found in East Africa. There is a lot of controversy about them. 
Some anthropologists believe that Proconsul and Dryopithecus must 
have lived before the bifurcation of the line of descent of apes and man, 
others believe Proconsul and Dryopithecus were only apes without 
any man-like feature. 

It may be noted that since the apes, the nearest relatives of man, 
were living in Africa or South East Asia, it is not surprising that the 
fossils of early man have been mostly unearthed from these areas of 
the old world. Newer tecbniques for the study of fossils are sure 
to reveal facts hitherto unknown. One such technique is available 

* at the Hominid Palaentology Research Laboratory, Liverpool (U.K.). 
A. highly sophisticated microscope produces a three dimensional 
view of a fossil by using two stereo photographs of the fossil. Using 
this technique Bernard Wood believes that we share well over 90% 
of all our genetic material with something like a chimpanzee. 

Records of Prehistoric man c 

Till 1700 A. D. no one could imagine that man, like other orga- 
nisms, has evolved from life quite different from it. It was in this year 
that a human fossil in the form of a skull fragment was discovered at 
Canstadt, near Stuttgart in Western Germany. Since then fossils of 
ancestral man have been discovered by various workers. It is not 
intended here to give a complete list of such discoveries; however, 
a brief record is as follows: 

_ Boucher de Perthes of France in 1847 published the results of 
his discoveries of prehistoric man. He had discovered some i 
(tools). In 1848, a skull was found on the north face of the Rock 
of Gibraltar. This skull is now recognized as a representative of 
upper pleistocene man of Neanderthal age. In 1856, a complete 


skeleton was discovered in Germany near Dusseldorf in a limestone ` 


‘deposit called Neanderthal. In 1868, human skeleton and tools 
were discovered in S.W. France in a place known as Cro-Magnon. 
The whole series of skeletons found and resembling it were called 
Сго-Марпоп men. More Neanderthal type fossil remains were dis" 
covered in Belgium in 1886. Ernst Haeckel, a German naturalist, Wot 
the first man to relate man with apes and monkeys and suggest 
that between the apes and man, there must have been a form, 500° 
what half-ape half man, and named this hypothetical stage 25 Pithe- 
canthropus allus, meaning Ape-man without speech. From 1 
1892 Eugene Dubois, a Dutch doctor first discovered a fragment of 
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lower jaw in Java, then found a skull cap partly like that of an ape 
and partly like that of man, and with smaller brain box. With the 
find of a femur bone Eugene Dubois named his prehistoric fossil 
man Pithecanthropus erectus, Suggesting from his thigh bone, that it 
walked erect. More Neanderthal type fossils were discovered and 
described by a French palaeontologist Marcellin Boule, in 1911-1913. 
From 1924, the scene of prehistoric man shifted to South Africa where 
Raymond Dart discovered a skull of an infant and named it Austra- 
lopithecus africanus. Soon after, W.C. Pei of China unearthed more 
than 40 individuals of prehistoric man from the limestone caves of 
Choukoutien near Peking and named them Sinanthropus. In 1930's 
more important discoveries were made in West. Asia, India and South 
Africa, Digging in the Siwalik Hills of India in 1930’s G.E. Lewis 
of Yale University found a part of the upper jaw and a part of the 
lower jaw. He named his find Ramapithecus punjabicus and dated 
it in the Miocene, about 12-15 million years old. Fossils from the 


slopes. ef Mount Carmel in Palestine were of Neanderthals. In 1936, . 


Robert Brown in S. Africa described quite a few fossils of prehistoric 
man unearthed near Johannesburg. Brown discovered a wealth of 


‚ fossils including a pelvis from the same site in S. Africa in the late 


1940’s. More Neanderthal fossils have been found after 1953 from 
Shanidar Cave in northern Iraq. 

In 1958 a complete skeleton of prehistoric man was found from 
lignite coal mines of Italy. It was named Oreopithecus and was esti- 
mated to belong to early Pliocene and late Miocene period. A likely 
side branch on man’s family tree, Oreopithecus was probably 120 vm. 
in height and weighed 30 kg. Once thought to be a prehistoric man, 


it is now believed to have been an ape. ; 
From 1959 till recently Dr. & Mrs. L.S.B. Leakey, working at the 


Olduvai Gorge in Tanzania, have discovered tools and skeletons 


of the oldest prehistoric man known to this day. His prehistoric . 


man is Zinjanthropus. boisei. From 1962-72 Leakeys have discovered 
so ers dd tools, and their latest prehistoric man is Homo- 
habilis, the tools maker. Leakeys have d it Pre-Zinjanthropus, 
ie. eir earlier oldest Zinjanthropus. 

З poe of Índia have from long been ISSUE to em 
pologists all over the world as a valuable site for the recor er 
prehistoric fossils of man. Work started by G.E. Lewis in Г : bs 
on progressively at the University of Punjab. Хау хац у ane 
fossil jaw has led to the reconstruction of the Indian Gigantop . 


А.В.—61 


Y 22 
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This gaint ape-man lived 5-10 million years back, he was large ang 
heavy and has been named Gigantopithecus bilaspurensis by S. В, К, 
Chopra and coworkers. It is believed this ape-man originated їп 
India and later migrated towards China. Tail, strong and fair 
coloured natives of Afghanistan, Punjab and adjacent parts, it seems, 
were descendants of the ape-man. 

STAGES IN THE EVOLUTION OF MAN 

Fossil evidence of the prehistoric man dates back from 1.75 
million years i.e. the whole Pleistocene period, to about 10,000 years 
of the holocene (recent) period. ^ Accordingly, four stages have 
been recognized to have undergone in the evolution of modern man: 

- These are: (i) Australopithecine stage (early pleistocene), (ii) Pithe- 
canthropine stage (middle pleistocene), (iii) Neanderthal stage (upper 
pleistocene), and (iv) Modern stage (recent). 

I. The Australopithecine stage— The oldest fossil-relatives of 
man are found in the early Pleistocene and are called Australopithe- 
cines—the “‘ape-men”, *man-apes" or “primitive men". They had 
curious combination of the characters of man and ape and probably 
looked like modern chimpanzees. In general, they were of small 
size, about 120 cm. and weighed between 20 to 30 kg. Their brain 
size was about 1/3rd of modern man, being near about 500 cc. They 
had big molars and face was projecting. They differed from the apes 


in that (a) they did not have projecting canines, (b) the back of the 
skull did not have large ridges for 


the attachment of neck muscles, 
(c)-the foramen magnum had 
shifted downwards, (d) the pelvic 
girdle was broad, suggesting erect 
posture, and (e) some of them 
devised and used tools. Leakeys' 

. Zinjanthropus and Dart's Australo- 
pithecus are some of the important 
prehistoric men of this stage. These 
are briefly described below : 

1. Zinjanthropus boisei—the 
Oldowan «tool-maker’ found by 
Dr. and Mrs. L. S. B. Leakey in 
71959 in the Zinj area of Olduvai 

- Gorge of Tanazania is the oldest 
prehistoric man known to this day. 


Fig. 631 Zinjanthropus: 
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Fig. 632 Pedestrians on the road to Homo agis the modern man (Part I). 


Proconsul, considered to be a very early ape, lived about 25 million years ago in the Miocene period Itis kn ous ; 
from numerous fragments adding up to almost complete ske po. : | Жз 
Dryopithecus, a few jaws and teeth represent this great foss 
have. come from Europe Northen, Indis and China. 


Ramapithecus iS known to'be the olest of man's sie in 
takably ниге їп shape. It lived for. a short ser 


e d e 
Fig. 632 Pedestrians on the Road to Homo sapiens, the modern man (Part II.) 
6, Homo erectus, the first man of our own genus, Homo erectus, was like the modern man in his.limbs, but more primi- 
tive of hand and brain, with a cranial capacity extending only into the lower range of modern man. Homo erectus 
led a community life and knew the use of fire. He came to dominate about 8,00,000 years ago. À 


7. Neanderthal man, an extinct race of modery man, inhabited the Mediterranean countries. He had a laran А 
-~ — eranial capacity, often larger than that of modern man. Hemade a variety of tools and came into existence about: 
t 1,00,000 years ago and died out only 25,000 years ago. Й 
8. Cromagnon man, a subspecies of modern man, he replaced the Neanderthals in Europe and West Asia and рген } 
out in many parts of the world. The Cromagnon man has left to the world his art, and cave paintings, stone m E 
ings and carved figures. Above all, a social culture, wbich respected the dead, believed in the Creator. e 
`_ Cromagnons gave way to more skilled modere men, only about 10,000 years ago. 7 T m d Я 


9, Modern man—Homo Sapiens, a contemporary of Cromagnon man, outwitted them in his skill in growing cro aes 
| domesticating animals. He gave up подава апа found permanent settlements and civilization. 
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It is estimated to De 1,800,000 years old. With the skull of this man 
Leakeys found'a primitive hand axe. Apparently these men made and 
used tools and perhaps passed on this skill to their descendants, by 


some simple method of communication because it is quite true that ` 


а young man cannot learn to make a simple tool unless he has seen 


some elder making them in his presence.. Zinjanthropus was about . 


145 cm. tall, walked with head held erect. His brain box was flat 
with almost no forehead, but with prominent brow ridges, and a 
low bony ridge on top of the skull for the attachment of neck mus- 
cles. His cranial capacity was 615 cc. He lived on coarse vegetatio 
and also hunted animals. 
2. ` Australopithecus africanus, the southérn ape of Africa, was 
discovered by Dart in 1924 and was supposed to be of the oldest pre- 
historic man till Zinjanthropus came to light. Australopithecus dates 
back to less than 1:0 million years. Its head was balanced on 
the top of vertebral column, instead of slung forward, its- molars 
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Fig. 633  Australopithecus africanus. 


i i i j d the level of 
were of large size but the canines did not project beyon с 
other teeth. The brain capacity was about 600 c.c., roughly of the 
size of an adult gorilla. It walked erect as is suggested by the shane 
of its pelvic girdle. It did not make tools, although it lived much 


later than Zinjanthropus 

In 1936-38 Robert Brown ha 
fontein near Johannesburg (Africa). 
larger size and stronger built. у 
though basically australopithecines. 
Modern man, with a cranial capacity of 600 c. 


They were nearly of the size of 
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d found some more fossils from Sterk- 
Some of these fossil men were ofa ~ 
They were named Paranthropus robustus, — 


c. and canines were smaller. — 
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3. The discovery of Zinjanthropus boisei magic Leakeys famous 
overnight, but, there was more to come. «inj lived about 1:8 
million years age and was a primitive human of the pleistocene age. 

' Search for the more primitive hominids continued and palaeoanthro- 
pologists began to think of man-like apes in the Pliocene age, about 
three million years old. Somewhere in the depths of pliocene 
were older Hominids that could cast light on the origin of australo- 
pithecines and there seemed a possibility of finding hominids that 
walked erect 3 million years ago or even earlier. With these ideas in 
mind search was taken up in 1973 by Donald Johanson, an American 

„ palaeoanthropologist and his party. The site was the Plio-Pleistocene 

deposits known as thecAfar Triangle, north-east of Addis Ababa, the 
capital of Ethiopia (Africa). 

By 1976 the team had discovered material enough to draw con- 
clusions. Its collection included a tibia, a femur, the pelvis, some 
vertebrae, ribs, the mandible, parts of the brain-case and some bones 
of the fore limbs, surprisingly all belonging to a single individual. 
From the pelvis it was certain that this individual was a female ho- 
minid; the pelvis-femur joint and the femur-tibia joint proved con- 
clusively that the individual walked erect. The “V” shaped mandible 
was certainly more ape-like than human and more primitive than any 

_ of the prehistoric hominids described thusfar. Using all available 
techniques of fossil-dating, this one metre high female (nicknamed 
Lucy) was estimated to be 3°75 million years + 10,0000 years old; 
definitely older than Zinjanthropus. In 1977 the discoverers of Lucy 
named it Australopithecus afarensis. The news was received Wi 
satisfaction all over the world. 

П. The Pithecanthropine stage—Fossils of prehistoric шн 
dating not more than 500,000 years fall in this stage. The most 
remarkable fact about Pithecanthropines is the size of the brain bo* 
which ranges from 800 с.с. to 1200 с.с., very near to that of the 
modern man and nearly double the brain size of australopithecin® 
Ayerage size of Pithecanthropines was that of Paranthropus. ч 
whereas the body size remained roughly the same, the brain size was 
doubled. This represents a significant advance in the intelligence 
Heavy brow ridges remained but the molars were reduced. p 

,canthropines were hunters and meat must have been a regular item 
in their diet. his fact is correlated with the reduction of mola 
Molars, as a rule, are better developed in the herbivores, who Ба" 
to chew the food thoroughly for salivary digestion of carbohydrates: 
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On the contrary, in animals whose diet is mainly“ meat, i.e. protein, 
the molars have only to reduce the food to swallowable size before 
protein digestio? could start in the stomach. Shape of pelvic girdle 
clearly confirms their erect posture. Few forms of Pithecanthropines — | 
are illustrated by the Java man, Peking man, Atlantic man and Homo 
habilis. 
1. Java man—Fossils of a primitive but true man were discovered 
at Trinil in Java by a Dutch anatomist Eugene Dubois during 1889- 
1891. The fossils found were a jaw bone, several teeth, part of the skull — ' 
suggesting a brain too big for any ape and too small for any living 
° man, and a thigh bone which apparently suggested an erect posture. 
Dubois named this fossil as Pithecanthropus erectus or Java man. In the 
1920’s and 30’s more fossils of Java man were discovered in Java, China | 


\ Saar aaas o omaia 


4 Fig. 634 Java man—skull and restoration. 
and Africa. Тһе Java man had a wide distribution during the earl) — ; 
and middle Pleistocene some 600,000 years ago. They stood upri 
to a height of 150 cm., the forehead was receding with prominent brow 
ridges, the heavy jaws were prognathous i.e., protruding forward Wi 
almost no chin. The cranial capacity was about 900 с.с. (modern 
man has a cranial capacity of 1450-1500 c.c). It was probably © 
cannibal. It used fire for cooking and made crude tools of 5000 — 
and bone. Java man is much nearer to man than to the apes, DU P — 
probably not in the direct line of evolution leading to modern Ж — | 
2. Peking man was first found in 1924 Буг W.C. Pei and later ру 
others іп a cave at Choukoutien near Peking, it was named Sina 
4hropus. More than forty individuals were dug up from a cave floor. 
It was very much the same as Java man, and the two may be variant 
of the same type, hence the two are often placed in the same genus 21 ak 
the Peking man is also called Pithecanthropus pekinensis bY somi 33 


"n 
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` His skull was verylthick, brain capacity was 1075 C.C., forehead was low 


and receding, chin Was absent, and canine teeth were large. It used 
З 


А Fig. 635 Peking man—skull and restoration of female. 
Sharp chisel-shaped tools of Stone for killing and cutting up the 
animals it ate, it was also a cannibal. 

The prehistoric Peking man and deposits of charcoal near its 
dwellings strongly suggest that it must have сеп able to control and 
use fire. Fire had a strong cultural effect as it was useful in three 
ways: (1) It provided light, thus increasing the number of hours after 
Sunset or before sunrise when man could work. (2) It provided 
protection in the night. The caves which could not have provided 
Shelter and refuge before the use of fire, turned to be useful with the 
use of fire. And (3) It provided warmth, thus directly influertced 
the activity of prehistoric man, especially in cold parts of the year. 
Morcover, the use of fire must have enabled them to spread out in the 
cold climates normally closed to them. Peking man had a sense of 
time and space and could communicate these to one another. This 
is proved by the fact that they used the same area over and over 
again. 

Pithecanthropines were not very different from the later man, 
hence most authorities now regard them as belonging within the 
Genus Homo and have changed Pithecanthropines into Homo erectus 
and call them Ното erectus pekinensis and Homo erectus. Recent 
discoveries of Pithecanthropines in other parts of the -world have | 
Suggested wide distribution. One of these was the fossil of Atlantic 


man. eger 
3. Atlantic man (=Ternifine man)—Three jaws and a parietal bone 


Were found in the Ternifine deposit in Algeria in 1955, and later ЖЕК m 
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fossils mere) discovered in Casablanca, Morocco! these were given 
the name Atlanthropus mauritanicus. This hortonid, known as the i 
Atlantic man, lived in the Pleistocene about 600,000 years ago, it had 

a low cranial dome, heavy projecting jaws, and no chin. Atlantic 
man is a primitive ape-man, it closely resembled Pithecanthropus and 
Sinanthropus, and it was probably the African representative of the 
Java ape-man. It is believed that this group of resembling ape-men 
lived in Java and Asia, and extended up to North Africa. Yet Atlan- 
thropus appears to be more advanced than the Java man and Peking ' 
man. 

Presence of widespread deposits of chipped pebbles and a few 
hand axes from the Same period suggest that Atlantic man made 
and used tools. 

4. Homo habilis, the “tool maker"—In 1962, 1963 and 1964 
Leakey discovered the remains of five fossil hominids and a lower 
jaw some 50 miles from Olduvai. Leakey named them Homo habilis, 
and believed that this man lived with Zinjanthropus and the Pithecanth- 
ropines and made tools. Homo habilis which lived about 1:75 million 
years ago, was from 110 to 140 cm. in height, it walked erect, its 
cranial capacity was near about 700 c.c. Its teeth were more human. 
Some anthropologists believe that Homo habilis should not be given 
so much importance as Leakey put it, for, it was not very different 
from the later and larger Australopithecines in East Africa. 

Ш. The Neanderthal stage—This stage was set in the late 01 
upper Pleistocene time about 40,000 years ago. The Neanderthals 
were definitely more advanced than Australopithecines and Pithecat 
thropines. They walked erect and their cranial capacity was almost 
equal to that of modern man. They were widely distributed in Europe 
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, thal ravine in Germany in 1856. It has been named Homo neander 


Europe, Asia Minor, North Africa and Siberia, but became eX 
about 25,000 years ago. It was short, being below 150 cm. 0 hei 
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— EN but was heavily built and very strong with curiously outward curved. 
thigh bones. Тһе thick-boned skull was depressed and protruded: 
‘behind, the forehead was low and sloping, it was very broad and flat,. 
the brow ridges were heavy, the lower jaw was deep with almost no: 
chin. The cranial capacity was 1450 c.c., being equal to that of the 
modern man. The part of the brain that is known to be involved: 
in ‘speech’ was well developed. It was intelligent enough to devise 
and use a variety of excellent flint tools, it buried its dead with consi- 
derable ceremonies. Neanderthal man was not an ancestral man but 
Ay a contemporary of modern man, hence placed in the same genus as. 


| - 

| . 

| i Fig. 635 Neanderthal man—skull and restoration. 
| 


ourselves. It was a nomad and did not practise agriculture, nor 
; domesticated animals. The name Neanderthal man is used loosely to- 
| designate nearly a dozen related races of Neanderthalers which lived 
in Europe, the Far East, and Africa, but we have considered the: 
typical Neanderthal man. ie 
e: The tools made and used by Neanderthals are distributed through- 
out western and southern Europe, south of the me mg 
Asia, parts of Russia such as Crimea, Caucasus and Uzebekist: : 
Some of the tools, such as scrapers, m that m Mere 
i lothing. Spears, points and knives were ust 
а eode HUS These areas were also rich,in vegetable: 
food and animal foods. Ss ‘See dd 
Various theories have been put forth to explain the See 
of Neanderthals. It seems very likely they were очыра ana 
replaced by the later men very similar to ourselves— ten lee e 
men who came from the East. Neanderthals could not fa зе 
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invaders because of the latter’s superior intellect and better tools and 


weapons. E 4 


IV. The nein stage—Though Neanderthal man was so close 


to modern man in many features, yet it was different. The gap bet. 
ween Neanderthal man and modern man is filled up by a population 
called Neanderthaloids, who were intermediate between Neanderthals 
and moderns. Neanderthaloids were unearthed in early 19305 from 
the rock shelter of Skhul on the slopes of Mount Carmel in Palestine, 
In the Neanderthaloids, the dentition and the entire surrounding 
face has been somewhat reduced, leaving the forehead and the sides 

“of cranium more vertical and producing a real chin. Reductions 
in the robustness of ribs, long bones and some other aspects also show 
modifications in the modern direction. Neanderthaloids date back 
to about 35,000 years. 


The successors to Neanderthal man were the invaders from the 
east known as Cro-Magnon. c 


5. Cro-Magnon man—As the glaciers began to recede from 
Northern Europe, a new race of men began to infiltrate from the east 
into Europe. The men of this race succeeded the Neanderthal man 
some 50,000 years ago and became extinct only about 20,000 years 
ago. They were much more advanced than the Neanderthalers, they 
belonged to the species Homo sapiens and were our direct ancestors. 
This early representative of Homo sapiens found in Europe was the type 
known as Cro-Magnon man because its fossils were discovered in à 
tock’ shelter at Cro-Magnon in France in 1868. They were tall and 


Fig. 636 Cro-Magnon man—skull and restoration. 
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с Straight, about 130 cm in height, the skull was large but narrow with 
йа broad face, the ctanial capacity was 1660 c.c., much more than the 


\nodern man. The brow ridges were absent, foreiiead was rounded, 
nose narrow, Jaws were thick and strong with a narrow, prominent chin. 
Compared to the slow Neanderthal type they were swift-footed, cave- 
dwelling hunters. Races of Cro-Magnon man were distributed in the 
Middle East, Europe, and Africa; they seem to be of the basic ‘whites’ 
or caucasoid stock. Along with the fossils of Cro-Magnon man were 
found the fossils of woolly mammoth, woolly rhinoceros, cave bears, 
wolves, and wild horses which he hunted and ate. They were excel- 
lent toolmakers and fine artists. They drew excellent pictures об 
animals in their caves, they made tools, carved ornaments from ivory, 
made finely chipped stone arrows and spearheads, and sewed crude 
garments of skins of animals. They had some religious beliefs and 
elaborate burial customs. They did not practise agriculture nor did 
they domesticate animals, except the dog. Cro-Magnon man was the 
contemporary of some other groups of men living in various parts 
of the world, their characters became diluted or even obliterated by 
interbreeding in the migrating populations, so that none of the living 
types of man represents a pure race. 

Conclusions : From this collection of finds there comes out a 
picture of men with skeletons like ours but with brains much smaller, 
skulls much thicker and flatter, and furnished with protruding brows 
in front and marked angle behind, with teeth somewhat larger and 
exhibiting a few slightly more primitive traits. With this picture of 
prehistoric men in mind, the modern anthropologists hold that most 
fossils described thusfar under separate genera are subspecies or variant 
populations of one species—Homo erectus, the ‘Upright man’. The 
subspecies had developed in widely separated parts of the world but 
were still probably able to breed with one another or with Homo. 
sapiens. Homo erectus would iuclude the Java man, Peking man, 
Atlantic man and some others. On this view Java man is placed in 
the genus Homo but retains his original species name, so it becomes 
Homo erectus modjokertensis, Peking man becomes Homo erectus 
pekinensis, and Atlaütic man becomes Homo erectus mguritianicus. 
Finally, Homo erectus evolved into Homo sapiens which: also includes 


the Neanderthal 
New insight into the origin of man | ges 
Fossilised skull found on the banks of Narmada river in Madhya 3 
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Pradesh, India, has raised fundamental questions a/;out the evolution” 


of modern humans, disputing the ‘out of Africa’ ‘theory. / 

The fossilised skull, estimated to be about 2,00,000 years old,'is the 
only Indian specimen of Homo erectus narmadensis. Thisjis believed 
to be older than other forms of Homo erectus discovered in China and 
Indonesia. 

Such discoveries establish the polycentric theory of human evolution 
which means that Africa alone was not the “stage”? of man’s evolu- 
tion. Evolution of man was simultaneously unfolding in far off places 
separated by land and sea. 

Founders of H. erectus narmadensis in 1982, believe that he cut 
stone tools for hunting and possessed speech capabilities. The 
Naramada skull hints towards a South Asian transition of H. erectus 
to Homo sapiens. 


Modern Man ‘ 
Fossils of the modern man Homo sapiens have been found in la 
Pleistocene deposits in several regions, such as France, Java, and South 
Africa. It is now certain that the present species of Homo sapiens 
has been living for at least 2,00,000 years. This species includes all the 
existing men of whatever race, they may be negroid, mongoloid oF 
caucasoid. In the course of time Homo sapiens, the modern man, has 
acquired the following evolutionary changes: an entirely erect posture 
with four reversed curves in the spine, with an upright head having 
eyes facing in front, the limbs are straight with arms shorter than legs. 
The size of the skull has increased with a much-enlarged cerebrum: 
an articulate speech was developed to communicate with fellow men. 
The forehead is steep, the brow ridges have been much reduced, the 
chin has become prominent, and the snout has disappeared. 
Tools and culture—The discovery of tools and bones of animals, 
along with the fossils of early man, indicate that man from the very 
start used to hunt and eat meat. Crushed bones of baboons were 
found with the fossils of primitive ape-men; split skulls and bones of 
many wild animals and also of primitive man were found in the 
caves of Peking man showing that he not only ate meat but was 
a cannibal. Fire pits in the caves prove that early man used ure t 
cook and to keep himself warm. 
The early tools were simple and consisted of flaked pebbles ш 
stone tools. Gradually, as evolution rolled on, the tools were 1m; 
proved. The later man’s tools were long flint blades of trian 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


L4 


1 


7 


A ^ EVOLUTION OF MAN 957 


< 


S cross Section. EJades of other shapes served as knives, scrapers, 


| porers, spear pointsand arrow heads. When man gained some 


ec 


Fig. 637 Some tools of prehistoric ape men. 
A=axe, B=spearhead, C=scraper, D— polished axe, E=cutter. 


knowledge of Nature and some degree of control over it, his social 
organizations became complex. It was then, perhaps, that language 
grew and religious beliefs were practised. Tools and articles disco- 
vered in human dwellings, dating between 10,000 and 6,000 years from 
a now include pins, needles with eyes, buttons, spear-throwers, fish- 
| hooks, and bone straighteners; these show that man learned new 
skills in food-hunting and that he used some kind of clothing to, keep 
himself warm. Engravings and paintings found on the walls of many 
caves reflect an aesthetic taste of early man. Religious ceremonies 
and ceremonial disposal of the dead by the early man provide evi- 
dence of his high psychological make-up. 
In 1971-72 Richard Leakey, an American Anthropologist, found 
a skull near Lake Rudolf in Kenya. This is estimated to be 
20,50,000 years old. If that be the true age, this skull is about 
a million years older than any other fossil of man found so far. Lea- 
key claims that it is not only different from Homo sapiens, but also is 
different from all other forms of early man so far known and, therefore, 
fits in with none of the present theories on the evolution of man. 
The brain of this fossil man was very large, and the whole shape of 
the skull has a remarkable resemblance to that of modern man. 
Discovery of Australopithecus afarensis in 1977 is perhaps the p" 
most dramatic event of the present century. EN 
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Questions 


Describe briefly the characteristics of man which made him ш 2 


supreme maramal. 
Which of the characteristics of man bring him nearer the epee 
and monkeys ? Which other mammals share some of Man's 
characteristics ? 
What characteristics of lemuroids and tarsioids prompted 
Naturalists to trace Man’s evolution from such low-grade 
mammals ? 
Compare and contrast the characteristics of man and the apes. 
Which of the following characteristics apply more appropriately 
to apes than to тал :— 

(a) big toes opposable 

(b) fully erect posture 

(c) foramen magnum directed downwards 

(d) cranial capacity about 1450 c. c. 

(e) flat nose 2 

(f) domed skull, and 

(g) large canines. 
“The Drama of human evolution was dramatised in Asia and 
Africa." Comment upon the statement with examples. 
Discuss Leakey's contribution in solving the mysteries of human 
evolution. 


Write notes on Peking man, Neanderthal man, Zinjanthropus 
and Java man. 


At what stage man learnt making fire and making use of it ? 

Write a short essay on the social life of prehistoric man. 

Arrange these in proper chronological sequence :— 
Pithecanthropus erectus, Zinjanthropus, Homo habilis, Homo 

sapiens, Homo. neanderthalensis, Pithecanthropus pekinensis 

and Atlanthropus. 

Biological name given to ‘Lucy’ was— 

(a) Australopithecus africanus, 

`(Б) Australopithecus afarensis, 1977,* 

(c) Australopithecus robustus. 

Two of the modern apes that resemble man ‘most are— 

(a) Gorilla and gibbon, 

(b) Gibbon and Orang utan, 

(c) Chimpanzee and Gorilla* 

(d) Chimpanzee and Orang-utan. 
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Modern P aeoanthropologists have re-named Java Man as— 

(a) Ното hdbilis, 

(b) Homo erectus modjokertensis*, Е 

(с) Homo erectus mauritianicus, . 

(а) Homo sapiens. 

Earliest evidences of social life are attributed to— 

(a) Cro-magnon man,* (b) Neanderthaloids 

(c) Peking man, (d) Java man. 

Orgin of modern man dates back to— 
1°7 m. years / 0:20 m. years* [0:40 m. years. 

Largest cranial capacity was found in : x 
Neanderthal man / Cro-Magnon man* | Java ape-man / Peking 

man. (CPMT-1986) 
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CHAPTER Д 6 


POLLUTION-MAN'S OWN MISGIVINGS 


1 


Pollution is generally defined as “һе addition of the constituents 
to water, air or land, which adversely alter the natural quality of the 
environment.’ In some cases pollution may involve removal, rather 
than the addition of the constituents from the environment. The 
term environment, as far as pollution is concerned, includes the ап, 
the water, the noise, the buildings, landscapes, oceans, lakes, rivers, 
open spaces, the parks, the vehicles and many other things. A pollu- 
tant can also be defined as a constituent in the wrong amount, at the 
wrong place, or at the wrong time. A simple illustration below 
explains the above definitions. 

“With the growth of human population, demand for more food 
increased. Use of three principal fertilizers—the nitrogen, рош Би 
апа: the phosphorus—boosted the production of foodgrains ай 
vegetables three to four times, and an agricultural miracle or green 
revolution seemed in the making all over the earth. Only gradually 
did the world discover that the dazzling revolution had another, an 
a costly side. The fertilizers could destroy as well as increase- р 

Fertilizers did not stay entirely in the fields to which they wer 
applied, they were also washed down into the streams, rivers. la й 
and the seas. In the water the washed-down fertilizers played 
‘green revolution stimulating algae to luxuriant growth. In turn 5 
algae consumed water’s oxygen much more than that returned “ 
water in dissolved state. Short supply of dissolved oxygen ma m 
impossible for the fishes and other forms of life to live in V^. 
‘Lakes that had been clear for hundreds of years, began to fi ТАЙ 
the slimy green of the luxuriant growth of the algae. The Nee 
lake in Uttar Pradesh thus turned into a ‘thriving sewer tho 
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biologically not dead. To derive pure drinking water from the lake 
у} becoming costlier? and more difficult. Pollution*of Nainital lake 
iyached such ап alarming proportion that the Government had to 
undertake an investigatory project under Dr. S. M. Das, Retired 
Professor of Zoology, University of Srinagar, J. & K., India, to regain 
the beauty and utility of the lake. 

Insecticides. and pesticides as pollutants of foodgrains—No less 
alarming is the pollution by insecticides and pesticides than by the 
fertilizers stated earlier. All seemed to change in 1948, when Paul 
Herman Muller of Switzerland proved the effectiveness of DDT, 
which almost magically killed the insects. For what seemed a great 
boon to mankind, as it really was, in the reduction of Mosquitoes and 
malaria, Muller was honoured with Nobel Prize. Only gradually 
the effects of DDT as a pollutant began to unfold. Sprayed DDT 
was washed down to the rivers and lakes, and became a part of the 
fish-body. Even though in very small quantity in the fish, (about 10 
parts per-million), it began to show up a marked fall in the population 
of birds that feed on DDT-polluted fish. DDT had caused a thinning 
of the egg-shell, which broke much before the chicken were half way 
through their development inside the eggs. 

Pollution of the foodgrains by DDT, BHC (benzene hexachloride) 
and other pesticides, and the various ailments caused by such food- 
grains by man is too well-known. 

Sewage as pollutant of water—Apart from fertilizers and pesticides 
washed down into the rivers, dumping of tons of sewage, human 
wastes, domestic and factory wastes from cities into them is the major 
cause of water pollution. No town in the Third World, and many 
in the developed countries, can boast of clean supply of drinking water 
to its people. In attacking the sewage materials, the decomposers 
(bacteria) consume large quantities of dissolved oxygen of the water, ` 
thus forcing a short supply of oxygen to many other forms of life in s 
the river. Water polluted by sewage and other wastes also carries 
many disease-germs to the towns situated dòwnstream. More and 
more people now suffer from amoebic dysentery, colitis, giardiasis and 
gastroenteritis. Ninety-five per cent people harbour roünd-worms 
in i i a oo wee Ў 

оа thermal power stations and other factories dis- 


charged into the rivers causes serious thermal pollution by removing d 
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death of hundred of fish in а particular part of the river or stream is” 
usually due to unusual discharges or effluents of ‘the factories nearby 


Nuclear pollution—In the race to become a ‘Nuclear power’, mai 
is ignoring the fact that atomic explosions and nuclear power produc- 
tion, is slowly, yet steadily, polluting the environment by increasing 
radioactivity in it. Small quantities of some radioactive materials 
might be released without great harm. But when through their process 
of concentration, living beings including man, 'save and put these 
materials in the body's bank, dangerously high levels of radioactivity 
may be reached. Water used to cool the atomic reactors and later 
discharged into the rivers is usually warm and contains radioactive 
substances. Strontium, for example, is very much like calcium in 
its chemical behaviour. If the radioactive form Strontium-90 gets 
into animals’ body, it stays almost entirely in the skeleton indefinitely, — |. 


throwing out radiations that may kill the living tissues or produce | 
cancer. 


A ———— 


Strontium cycle, like calcium cycle, can run from green plants to 
cows, and from cow's milk into the human skeleton. But notall | 
the Strontium -90 that might be in the cow's food goes into her milk. | 
Much of it will stay in her own bones and continue to erode the bones 
which in future will affect the milk resources of man. | 


Disasterous explosion in the nuclear power plant at Chernobyl, 
U.S.S.R. and the damage caused to humans and animals due to the 
nuclear fall-out will remain in our memory for a long time to come 
Very recently it was reported that the nuclear discharge from British 
Nuclear Power stations into the rivers for the last thirty years, bas 
seriously affected the human population causing leukemia. 


Pollution of the air—Air pollution today is a serious problem for 
une living in large congested industrialized cities with heavy vel 
cular traffic. The noxious fumes, dust, corrossive gases, smoke, 4% 
offensive odours arising mainly from factories processing animi 
wastes and producing synthetic products, have polluted the 8! 
Advanced technology and sudden shi:tto synthetic, rather than natur 
products, are the causes of pollution of air and water. Man-made 
fidres, nylon and rayon and synthetics like rubber, plastics and deter- 
gents have tended to drive out the natural products like cotton, wool, 
natural rubber, wood and paper products. The ever-increas — , 
number of factories producing synthetics not only consumeb hug? Gr 
quantities of petroleum, coal and natural gas, they have added 9? — 


ques 
ITO 
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. "estimated 3,000 ака] components to the man’s atmosphere and 
perhaps 5,00,000 polluting substances have геасһе@ the oceans, 
ù In big industrialized cities like Bombay, Calcutta, Ahmedabad, 
Amritsar and Kanpur, air is no longer the original pure mixture of 
oxygen and nitrogen the lungs are adapted to breathe. Air is loaded 
with sulphur oxides, cotton dust, fluorides, and chemicals that are 
foreign to human tissues and that now seem to be highly injurious to 
to the lungs and the whole physical make-up of human beings. 
Carbon monoxide, a deadly poisonous gas discharged from the 
automobiles and the factories, is a serious problem in the big cities of . 
the world. Occasionally, in a bad and prolonged traffic jam, CO 
content of the air may increase from 50 to 400 parts per million. In 
such concentrations symptoms of acute poisoning like headaches, 
loss of vision, nausea, pain, convulsions, asthmatic spasms occur. 

» Particles of metal such as Pb, Zn, Ni and As also pollute the atmos- 
phere. o Not many years ago, the metal city of Moradabad, U.P., 
was enclosed in a deadly smoky fog for three days. Nearly half of the 
residents became ill and before the polluted air cleared, thirty-two 
had died. Experts discovered that the cause of trouble was Zinc 
particles put out by some factories in the city. 

| High rising buildings and sky-scrapers—A century back the tallest 
building in a city used to be a temple, a mosque or a cathedral church. 
|. ^ Today it is no longer so; the symbols of materialism are taller than 
| the symbols of God. The Sear’s Towers and the World Trade Centre 
in the U.S.A. are over 100-storeyed and seven to eight times taller 
) than the Qutub Minar of Delhi. It pleases the eye and mind to 
| look at these sky-scrapers which tower over 450 metres, but they tend to 
| Create disharmony between man and nature. Tall buildings obstruct 
the natural flow of air. Exhausts from autombiles get collected : 
between the sky-scrapers. The residents dare not look out of the 
window for fear of inhaling CO and CO;. Eu a 
Supersonic jets and jumbo jets flying in the troposphere, the m 
ten miles of the atmosphere, bave further polluted the air. ne 
exhaust smoke thrown,out of them floats like thin clouds in the air. 
ded particles (such as fluorocarbons) 
The water vapour and suspended parti vas д 
in such clouds react with sunlight to produce smog, which in turn 
raises the temperature of the atmosphere by Cree ae э e: ub 
i i d plants below on the earth, It е 
down the sunlight reaching men and p. elds therearth aM OC 
also causes thinning of the ozone (0s) cover that [e ace 
from excessive exposure to ultra violet rays of the sun. = | 1 
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Noise pollution—In the large and overcrowdeu towns and cities 


this form of pollution is gaining importance. Tt may, perhaps, come gj 
a surprise to many to learn that the levels of traffic noise in Calcutja 
exceed those of major world cities like Tokyo. According to a 
recent survey of Calcutta made by two scientists of Kharagpur Insti- 
tute of Technology, a steady rise in the levels of noise is observed as 
one proceeds from outskirts to the city centre. Commercial public 
areas are the noisiest locations during day-time mainly because of 
their traffic attracting characteristics. In U.P. Kanpur tops in noise 
. pollution, but conditions in other industrial towns are fast becoming 
intolerable. During tbe office rush in the morning and evening, our 
tympanic membranes reach bursting limits. Loud-speakers installed 
at places of worship, lottery booths, and those blaring out film-songs 
at marriage and birthday functions combine with the traffic noise 
coming from temples, trucks, cars and two-wheelers. The resulting 
mixture is powerful enough to drive even semi-deaf persons to dis- 
traction. Students preparing for examinations find it difficult to 
concentrate on their studies. People residing in central areas of any 
m city can go to sleep only after midnight when traffic becomes 

n. 

Noise pollution adversely affects the physical and mental health 
of citizens, leading to nervous break-down and even insanity. Traffic 
cannot be stopped, but restrictions can be placed on unnecess- 
arily blowing of horns, missing spark plugs and increasing use © 
loud-speakers, disco music in season and out of season. Door: 
rattling supersonic booms of jets have created problems for heart 
patients and are becoming hazards to old and weak buildings. 

Pollution of the land—A foreigner writing about the under-deve 
loped countries of the Indian. sub-continent said ^... are vast 
latrines.” Truly pinching, but the fact cannot be denied. At least 
rural people use vacant land as open-air lavatories. In cities an 
95% towns slum-dwellers do the same and invite scavengers 
Pigs vultures and crows, and flies (disease, carriers). The stink of 
such human wastes is sickening. Other wastes like everyday domesti¢ 


refuse consisting of skins of vegetables, fruits, used cans, bottles, jum 


«metal caps of cold-drinks and liquors, plastics, saw-dust, ash; i 


over foods, etc. add on to pollute the land and create UnhyE* К x 


conditions. 


ight 
Drugs as pollutants—A new form of pollution has come {0 ea 


Highly industrialized nations are dumping dangerous chemicals 
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— 21е form of drugsinto the Third World countries, in order to solve 
‘heir own problem of ‘chemical pollution’. Trade im supurious drugs 
ion the increase. е 


Control of Pollution 


Increasing dimensions of pollution led to the establishment of the 
world organization known as United Nations Environment Programme 
(UNEP). Governments and private industries are taking major steps 
to introduce anti-pollution steps. As a result, the concentration of 
pollutants like sulphur dioxide and nitrogen oxide has been reduced 
in the atmosphere of the developed countries. The industrial commu- 
nity is learning that wastes can bring profits and that it is cheaper 
to recycle wastes than to throw them out. UNEP has laid down 
certain standards which the multinational manufacturers of drugs and 
food products should adopt. However, it is the duty of the govern- ^ 
ments of the under-developed nations to see that such standards are 
followed in practice. 

Some common anti-pollution measures are listed below : ^ 

(1) Water-pollution can be reduced by proper disposal of sewage, 
dredging of shallow rivers and streams, cleaning operations in lakes; 
effective filtration and chlorination of drinking water, reducing and 
recycling the radioactive contents of nuclear wastes; restricting at 
random disposal of factory wastes into the rivers specially near the 
townships. 

For instance, in 1984 the State Government had undertaken 
| Rs. 96 lakh scheme to check pollution of the Ganga at Varanasi. The 
scheme involved the setting up of a series of pump houses along the 
bathing ghats to stop the flow of sewage through storm-water drains 
into the river and to divert the sewage into a sewage farm. The 
scheme also involved the cleaning of the Assi Nala which carried . 
the effluents of Diesel Locomotive Works and the Benares Hindu 


University into the Ganga. 
Bio-reactors to combat organic pollution of water are fast coming 


{ up in the advanced countries like Germany. This method is essen- 
tially copied from nature in which bacteria feed upon organic sub- 
stances, convert them into cellular material for their own existence, | 
Or, oxidize*them to produce energy. This is exactly what happens їп 
the huge tower-like plants called bio-reactors. | 
The organically dirty sewage and very dirty ей 
the bio-reactor for the bacteria to eat For creating 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


^ k^ CE 


effluent is pumped into T 
ideal conditions _ 


966 f ANIMAL BIOLOGY ' 
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: for the bactéria either oxygen or granulated active ‘charcoal is added. 


~ 


- Day’ and instructions through mass communications media like T.V 


Active charcoal ‘also helps to detoxicate particularly obnoxious o; 
bad-smelling sewage. In this way over 95% of organic impurities сай 
be removed. 

Dangerous acid and alkaline solutions and heavy metals are filtered 
out of sewage before it is piped into the bio-reactors. Effluents 
containing high percentage of mercury, which is a part of the potassium 
chloride electrolysis, are first pressed into ‘demurcurising plants’, then 
allowed to flow into the bio-reactors. One great advantage of bioreac- 
tors is that there are neither objectionable smells nor any noise during 
the process. 4 

(2) Air-pollution can be won over by planting trees on the road- 
sides, laying parks and gardens, spacing houses and colonies; keeping 
a check on the quality of fuels meant for vehicles, as adulteration of 
petrol with kerosine and turpentine has increased; less use of coal and 

oil for running factories and controlled nuclear tests. | 

(3) Land-pollution may be reduced by training the people in 
hygiene, providing lavatories with active and effective disposal machi- 
nery, recycling of scrap such as waste metal, chemicals, vegetable 
wastes and plastics. 

(4) Noise-pollution may be checked by making new highways and 
circular roads not touching the towns and cities too closely. Metho- 
dical spacing of office-hours of offices of different categories, schools . 
and colleges can be useful. Restrictions on the use and volume of 
louc-speakers, pressure horns in heavy vehicles and other traffic regu: 
lations can be fruitful. 

Publicity by governments such as observing ‘World Environment 


поз “ys 


Е 


a ap 


radio, cinema slides and films can educate people to adopt anti-pollu- 


. tion measures. Constant monitoring of the environment is very 


essential. It envisages regular, periodical measurement of the environ 
mental characteristics followed by timely assessment and interpreta- 
tin of the data obtained. Environmental standards have to be Pr?” 
scribed and an early warning systerii developed to help people adopt 
protective’measures against unforeseen pollution problems. 


n 


e 
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Some Eminent Scientists and their contributions to Biology 


1. Aristotle 384-322 B. C.; laid the foundation of Animal Classi- 
fication; regarded as the Father of Zoology. 

2. Pliny the elder 79-23 A. D. ; Lucretius 96-55 B. C., Varro, M. T. 

116-277 B. C.; Virgil 70-19 B. C., Galen 130-200 A. D. and 


Celsus 30 A. D. were renowned Roman naturalists who wrote 
many books on Zoology. 
| 3. Galen, 180, AD cut recurrent laryngeal nerve of pig to demons- 
trate that nerves controlled the muscles. 
| 4. Albertus Magnus 1200-1280 А. D. made.many improvements in” 
Aristotle’s classification of Animals. 
5. Mondino 1270-1326 A. D. laid the foundation of Anatomy by 
practising dissections. 
6. Leonardo Da Vinci 1452-1519 A. D. was an artist who made ex- : 
cellent drawings of human and animal organs. 
7. Konrad Gesner 1516-1565 A. D. wrote ‘Historia Animalium" in 
five volumes. f 
8. Count de Buffon 1707-1788 A. D. wrote exhaustive literature on 
plants and animals. 
9. Andreas Vesalius 1514-1564 A. D. wrote a volume on *On the 
Structure of Human Body (1543)’. 
10. William Harvey 1578-1657 A. D. explained many aspects of hu- 
man physiology, one of them was “circulation of blood”. 
11. Descartes, 1680, put forth the idea of reflex action. 
12. Hippocrates (400—357 B. С) was the Father of Medicine. > 
13. Aselli, 1627, discovered lacteals and Rudbeck, 1653, discovered 
lymphatics. : 
. Robert Hooke 1635-1703 demonstrated the existence of cells in 
| the plants. His book ‘Micrographia’ had 83 apes bos 7 
ii 1628-1694 made a survey of the histology ot 
me Marcele, Мег үү Metric the structure of the silk-worm and ^ 
in 1661 discovered the blood SS ad Mast 
- wenhoek (1632- invented a 
b БОУИ d en the blood cells, sperms, striped 
muscles and.a variety of unicellular organisms. 
. John Ray 1627-1705 кө iso | 
18. Bauhin, 1619, devised binomial system. Ы 5 
19. Tournefort (1700) developed binomial system and prepared way 
for Linnaeus. -` dee oA aS Y 
20. Linnaeus 1707-1778, improved Bauhin's and Tourneforts _ 
К binomial am of naming organisms known as ‘Binomial 


0 


a 
г 
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nomenclature’. He wrote a book “Systema ]Чаїигае” їп 1735. А 
Its last and 12th edition was out in 1768. 


с e "d 
21. Fabricius 1621, Harvey 1651, Malpighii 1672 studied the EAS) 


nic development of animals. Karl Ernst von Baer 1792-1876 A 
is regarded as the Father of Embryology. 
22. Georges Cuvier 1769-1832, laid the foundation of Comparative | 
Anatomy and emphasized the importance of Palaeontology. | 
23. Jean Baptiste Lamarck 1744-1829, studied the fossils of many | 
invertebrates and wrote about them. Не put forth his views on 
the evolution of life in his book ‘Philosophie Zoologique (1809).’ 
He also introduced the term ‘Invertebrates’ in this book. 
24. Francois Bichat 1771-1802 put out a book on Tissues for the first : 


time. - 

25. Galvani, 1771, discovered electric nature of nerves. 

26. Von Helmholtz, 1850, established the speed of nerve impulse 
(277 mtrs/sec) 

21. Treveranus, 1802, used the term ‘Biology’ for the first time. 

28. Hunter 1823 demonstrated the presence of nuclei in, blood 
corpuscles. 

29. Rene Dutrochet 1776-1847 emphasized in 1824 that both plants 
and animals were made up of cells. : 

30. Robert Brown 1773-1858 showed nuclei in plant cells. In 1828 
he demonstrated special movements of particles in colloidal solu- 
tions, termed Brownian movements. 

31. M. J. Schleiden 1804-1881 and Theodor Schwann 1810-1882 
presented the Cell Theory in 1838-39. They explained that cells 

were the structural and functional units of organisms. 

. Charles Robert Darwin, 1809-1882, put forth his famous theory 
‘Origin of Species by Natural Selection’ in 1859. His book ‘Des- 
cent of Man’ came off in 1871. ; 

33. G. Johann Mendel, 1822-1884, published his findings in 1865 10 
ш а) of Laws of Heredity, which were accepted in 1900 after 

eath. 


: 34. Louis Agassiz, 1807-1873, popularized the study of Biology iP 
Nature. 


35. J. E. Purkinje, 1787- 


1869, studied a vari ings such as €g; 
“cells of birds, ciliary movements and. dera . He named 
the living matter as ‘protoplasm’; and in 1830 described thg 
‘germinal vesicle’ (nucleus) in the hen’s egg. 
36. H. Von Mohl 1805-1872 explained the importance of cytoplas™ 
„o in 1835 and made a comprehensive study of Cell division. 
37. A. Donne 1801-1878 studied the spermatozoa for the first time: 
38. L. St. George discovered Golgi Body in 1867. 
39. Liebig, 1838, established Biochemistry. 
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40. W. Fleming, 1843-1915, studied the RH 
` introduced tht term ‘Mitosis’. process of celi division and 


141. Т. Boveri, 1862-1916, studied the centriole in 1888. 


42. Pavlov, 1904, got Nobel Prize for his work on physiology of 


digestion. 
43. e Gola 1844-1926 demonstrated Golgi bodies in the nerve cells 
44. С. Benda, 1898, introduced ‘Mitochondria’ seen by Altmann. 
45. K. E. Correns, H. De Vries and E. Tscharmak placed Mendel’s 
Laws of Heredity on a firm footing in 1900. 
46. Hugo De Vries 1848-1935 presented his theory of Evolution in 
1901, based upon mutations. 
47. Funk, 1912, coined the word ‘Vitamin’. ^ 
48. Mc Collum, 1913, isolated vitamin A; also vitamin D in 1922. 
49. Keilin, 1925, discovered cytochrome. 
50. W. S. Sutton 1876-1916 studied meiosis and explained the im- 
~ portance of chromosomes in hereditary transmission. 
51. Kwhne, 1878, introduced the word ‘enzyme’. 
52. Fischer, 1894, established nature of enzyme specificity. 
53. E. Buchner was awarded Nobel Prize in 1903 for the discovery 
of enzymes. 
54. R. G. Harrison presented a technique for Tissue Cultures in 1907. 
55. Т.Н. Morgan, 1909, chose Drosophila as a means of investigat- 
ing genetics with the help of mutations; postulated crossing over, 
and placed Mendel’s Laws in his Theory of Genes in 1915. He 
was awarded Nobel Prize. . 
56. H. J. Muller demonstrated mutations due to X-rays in 1927. 
He got Nobel Prize for this work in 1946. 
57. Sturtevant, 1913, demonstrated crossing-over. 
58. Lohmann, 1929, identified ATP as necessary for the phosphory- 
lation of sugar. 209 і 
59. Hertwig, 1876, established that genetic material is contributed to 
the offspring from both parents. 
60. М. Knoll and E. Ruska, 1931, made the first electron microscope. 
61. Friedrich Miescher, 1869, discovered nucleic acid. us 
62. O. T. Avery, C. M. Mc ген E M Carty, 1944, explained 
the role of DNA in genetic in for. . Е 
63. J. D. Watson, F. H. C. Crick & M. H. F. Wilkins explained dms 
structure of DNA molecule by means of R ан They 
nique and presented a model of DNA molecule in 1953. y 
shared the Nobel Prize in 1958. 
64. G. W. Beadle, E. L. Tatum and J. 
*One gene one enzyme hypothesis an 
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in 1958. Their experimental organism was the. red bread-mould 3 
Neurospora crassa. Lederberg was one of the youngest Nobel 
Prize winners, he was 33 at that time. í 


F. Banting and C.H. Best, 1921, discovered insulin and wo 
Nobel Prize. 

F. Sanger received Nobel Prize in 1958, for determination of the 
amino acid sequence in insulin. 


S. Ochoa succeeded in the in vitro synthesis of polyribonu- 
cleotides in 1956. 


H.G. Khorana, M. Nirenberg and R.H. Holley received Nobel Prize 
in 1968 for deciphering the genetic code and assembling the gene. 
Fritz Lipmann 1941 discovered the significance of ATP in the cells. 


Stanley Miller, 1953, demonstrated the interaction of „Water, 
ammonia, methane and hydrogen to synthesize amino acid as a 
step in the origin of life. 


Alexander Flemming, 1881-1955, discovered the antibiotic peni- 
cillin in 1929. 

W. M. Stanley saw the virus in 1935 for the first time. 

Meckel 1847 first of all identified Plasmodium and studied it. 
W. C. Pei 1924 discovered the fossils of Peking Man. 


Charles Lavern 1880 demonstrated the relation of malarial para- 
site with red blood corpuscles of the host. 

Ronald Ross, 1898, showed that malarial parasite is carried by 
the anopheline mosquitoes. 

Grassi 1917 studied the part of the life-cycle of malarial parasite 
that passes into the mosquito. 

Rosel Von Rosenhof first saw Amoeba in 1775. 


E. B. Wilson Fischer, 1894, studied the colloidal properties of 
protoplasm. 


Robertson, 1959, first described the lipo-protein nature of cell 
membrane. : 

Robert Koch 1843-1910 was a German doctor who laid the foun- 
dations of Bacteriology. 

Edward Jenner 1749-1823 made th ine and Jonas Salk 
^made the polio vaccine. EE M d 

W. His 1831-1904 invented the first good microtome, which was 
devised Бу Adams et el in 1780. 5 


E. Abbe 1840-1908 produced oil immersion objectives with ? 
resolution of 0:25 micron. 9 


J. J. Abel, 1897, isolated adrenalin. 


™ 
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E. Starling and W. Bayliss, 1902, discovered first hormone а | 


secretin. 


L4 
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C. B. Bridges, 1921, discovered duplications, 
cations of genea and A. H. Sturtevant disco 


Tijo and Lavan, 1956, reported that number СЇ chromos i 
human cell is 46, not 48 as believed from early 1920's, ro 


1 
deficiercies, translo- 
vered inversions. 


. Lejeune, Turpin and Gautier, 1959, were found to have 47 


chromosomes, 


- Chargaff and Davidson, 1949, showed that the amount of ade- 


nine found in any опе specimen was always equal to the amount 
of thymine, while the amount of cytosine was always equal to. 
the amount of guanine. 


. A. Kornberg, 1956, demonstrated the in vitro synthesis of poly- 


deoxyribonucleotides (enzymes that produce artificial DNA and^ 
RNA) and received Nobel Prize in 1939 for this work, 


Nirenberg, 1961, using artificial DNA Synthesized a protein 
molecule. 


. P. T. Marcus, S. J. Cieciura and T. T. Puck, 1956, developed 


methods for growing human cells in culture. 


. Te Boveri (1862-1915) described the centriole in 1888. 
. A.I. Oparin (1894—), the Russian biochemist, who put forth 


the theory of origin of life. 


. J. C. Kendrew and Max Peratz, 1959, worked on the myoglobin, 


which opened for the first time in Biological. history, the vast 
knowledge of the complex structure of a protein molecule. 


. Michael Tswett, a Russian Botanist, 1906, first demonstrated 


column chromatography. 


. Synge and Martin, 1952, demonstrated partition chromato- 


pu the British scientist, who discovered 
Sir H Dal , the British scientist, iscove 
histamines in e extract of ergot fungus. Histamines 


are chemical substances released from tissues; they are the 


Weg ee ҮЕ iod p n Earthworms' ii 
Pal SU ораз пу est Toii тина ge 
Porter, RI R. and G.M: Edelman—studied the chemical nature 
Clande, A and G. Palade (1974) described the ultrastructure of 
DES a = (1974) described the structure 


lysosomes. С А ЕА of 
Dulbecco, R. (1975) discovered viruses as causative agents 
Cancer. 


A 09 
ССО. Vasishtha Tripathi Collection. Digitized by eGangotri _ 


and function of | 


972 


106. 
107. 
108. 


109. 
110. 
111. 


/ 


ANIMAL BIOLOGY ' 


Karl Landsteiner, 1923, got Nobel Prize for;the discovery of 
blood groups. c 
A. Wright, 1993, discovered opsonins which reacted with bacteria/ 
and made them consumable by the phagocytes. ГА 
Paul Berg and Walter Gilbert, 1980, won the Nobel Prize іп 
chemistry for their work on ‘genetic engineering’. They succee- 
ded in making a molecule containing parts of DNA from 
different species and also in determining the exact sequence of 
nuleotides in DNA. 

Donald Johnson, 1977, discovered the supposedly oldest homi- 
nid fossil and named it ‘Lucy—Australopithecus afarensis. 
Ernst Ruska, was awarded Nobel Prize of 1986 for his develop- 
ments in the electren microscopy. 


Gerd Binnig, and Heinrich Rohrer, shared 1986 Noble Prize 
in Physics with E. Ruska, for devising screen tunnel microscope. 
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A 
Abdomen—Body region in vertebrates behind the chest contain- 
ing the viscera; in mammals the part behind diaphragm. 
Abducens—Sixth cranial nerve supplying an eye muscle in ver- 
tebrates. 
Aboral—Opposite side of the mouth. , 
Absorption—Taking in of substances by cells or tissues. 
Acapnia—Lowered carbon dioxide in the blood. 
Acetabulum—Cup-like hollow of pelvic girdle into which the head 
of femur fits forming hip joint. - 
Achalasia—Failure to relax; in cardiac achalasia food fails to pass 
normally into the stomach though there is no obvious obstruction. 
Achilles tendon—The tendinous termination of the soleus and А 
gastrocnemius muscles inserted into calcaneum. 
Achillorraphy—The operation of stitching the Achilles tendon. 
Achlorhydria—Absence of free HCI in the stomach as in perni- 
cious anemia and gastric cancer. 
Acholia—Absence of bile. 
Acme—Crisis or critical state of a disease. 
Acoelomate—Having no coelom. 3 
Acrophobia—Fear of being at a height. 
Actinobiology—Study of effects of radiations on living organisms. 
Acromion—Point of the shoulder formed by the spine of the 
scapula. А eae 
Acupurctare—A method of anesthesia by pushing fine pins into 
specific locations on the body. 
esis—Absence of pregnancy. 
lees apple—The laryngeal QE: in па. 9 ш sates 
ure which fits an anim en Я 
ња Eu ‘of. survival and" of reproducing. 
Adenoid—Overgrowth of орок бина in the Mea ш 
i . T. P.)—Àn organic compound: їй 
all iv organisma and e all; it stores chemical energy and _ 
ИРТ e diaphoresis, ie. preventing perspiration. Ш 
Adipose—Having large globules of fat. bt. 


a 
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Adrenal or suprarenal gland—A ductless glari lying near the 
kidney and producing a hormone. It is made of two parts, a 
medulla and a certex. / 
Adrenaline—Hormone secreted by medulla of adrenal gland and 
nerve-endings of autonomic nervous system. 
Aestivation—Quiet, dormant state during hot and dry season, 
a period of rest in which metabolism is slowed. 
Afferent—Carrying towards or inwards, e.g., afferent nerve fibres 
carry impulses to central nervous system. 
Alkaptonuria—Presence of alkapton (homogentisic acid) in the 
urine resulting from partial oxidation of phenylalanine and tyrosine. 
^ A Albumen—White part of an egg supplying food for the embryo. 
Alimentary—Pertaining to digestive tract. 


Allantois—Bag-like outgrowth from the hind gut in embryos of . 


amniote for storing excretory products. 


Allelomorph or allele—Genes which occupy the same relative 
position on homologous chromosomes, they produce different 
characters during development. i 

Alveolus—A small cavity, such as air-filled sacs in lungs, or socket 
for tooth in jaw bone, or expanded sac at end of a duct in a gland. 

Amoeboid—Movements like those of an amoeba which bring 
about change of shape for locomotion or feeding. 

Amino acid—Structural unit molecule of protein megamolecule 
containing both Amino and Carboxyl groups. 

Amitosis—Direct cell division of nucleus by simple constriction into 
two halves without formation of spindle or breaking of nuclear шеш" 
brane, and without appearance of chromosomes; later the cell divides: 

Amnesia—Partial or complete loss of memory. 


Amnion—The inner membrane enclosing the developing embrya 
of amniota, and containing a fluid so that the embryo has a liqui 
environment in animals reproducing on land. 

Amniota—Any reptile, bird or mammal, their embryos һауе 4° 
„amnion and an allantois. 

Amphibia—A class of vertebrates in which the embryos (and some 
adults) are aquatic and respire by gills, while the adults are 1008" 
breathing, thus they have a double environment. 

Amphicoelous—A structure or a ‘vertebra which is concave ОЛ 
both ends. є 

Amylopsin or amylase—They are enzymes which break dow? 
starch or glycogen into maltose. оча 

Anabolism—A constructive process in which complex ine 
molecules are made from simple food materials. 


Anaerobic—Living in the absence of free Op in which energy ^ — 


produced by breakdown of substances. 
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P algesic—A гир that relieves pain, like aspirin (acetylsalicylic) 


a 
Analogous—Organs having the same function but not 
origin or structure. not irae 
Anamniota or anamnia—Classes of vertcbrates closto: 
fishes and amphibia) in which the embryo has no ee E 


Anaphase—A stage in mitosis when daughter chromosomes move 
towards the poles of the spindle. 


Anatomy—Study of the visible structure of living things by 


p XE 


| dissections. 
S Angstrom unit—Measure of wave length of any radiation (A. J. 
Angstrom, Swedish Physicist, 1814--1874). ^ 
i Ankylosis—A union of bones. 2 
Annelida—A -phylum having segmented worms showing 
metamerism. : 


Anonychia—Absence of nails. 

* Anoxia—Absence of oxygen in the tissues. 

Ante mortem—Before death. 

Ante natal—Period between conception and delivery of the child, 
normally 40 weeks or 280 days. 

Antenna—A mobile and jointed sense organ on the head of 
many Arthropoda; it forms the first appendage in insects and second 
in crustaceans. 

Ante partum—Before birth, usually 6th to 8th month in man. 

` Anterior—Related to front or head end of an animal, the end 
directed forward during locomotion. 

Antibiotics—Antibacterial substances derived from fungi and 
bacteria. 

- Antivenin—Serum used against snake-bite. 

Anus—Posterior opening of alimentary canal through which 
only faeces pass out. 

Aorta—Large artery below the vertebral column through which 
arterial blood goes to the entire body except the head. 

Appendicular—The skeleton of girdles їз ш їп ааа 

Appendix, vermiform—Small finger-like ind outgrowth of caesum 
at саол of АҢ and large intestines 1n many mammals. 

Apterous—Having ло wings. ` 


Apyrexia—Absence of fever. : 202 
Aracbnoid—The central web-like membrane of the three meninges 


around the central nervous system ш 
Archenteron—Cavity of a gastrula opening t 
blastopore; finally it becomes the cavity of the gut. 


оь panei не uoi a —— 
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Artery—A blood vessel carrying blood awa}; from the heart 
towards the tissues. э 

Arthropoda—A phylum of animals with jointed appendages апл 
hard jointed exoskeleton. : 

Articulate—Attached by means of movable joint. 

Arytenoid—A pair of cartilages of larynx. 

Aschoff's node—A mass of Purkinje fibres in the heart of mammals 
forming the beginning of the atrioventricular bundle of His. 

Asexual reproduction— Reproduction by fission or germination 
in which sperms and eggs are not involved. 

Assimilation—A bsorption and building of simple digested food 


“into protoplasm. 


Aster—A star-like pattern of lines radiating from the centriole 
during mitosis or meiosis. ae 
Asyrametry—Having two dissimilar halves. 


Atlas—First vertebra on which the skull rests by which the head 
can be bent. 


. A. T.S.—Antitetanus serum, which produces artificial passive 
immunity to tetanus bacilli. 
Auditory—Pertaining to sense or organ of hearing. 
Auditory nerve—Eighth cranial nerve of vertebrates going to the ear. 
Autonomic nervous system—Self-governing, autonomic nervous 
system consists of ganglia and motor nerves to unstriped muscles 
and glands which govern their involuntary actions. It is divi 
into sympathetic and parasympathetic systems. 
Autopsy—Examination of a dead body for diagnostic purposes 
Axial skeleton—Central skeleton of vertebrates consisting of skull, 
vertebral column, sternum and ribs. : 
Axis cylinder (axon)—Process of a nerve cell often covered with 
myelin which conducts impulses away from the cell, 
Azoospermia—Sterility of the male through non-production of 
spermatozoa. s 


Azygos—Unpaired vein in mammals found on right side. 


2 | B 

_Barbiturates—A group of sedative, drugs derived from barbituric 
acid (a combination of malonic acid and urea). ich 

Barrier—A physical, chemical or biological obstruction whi 
prevents the migration of animals. à; m 

B. C. G.—Bacillus-Calmatte Guerin; a vaccine prepared BS 
cattle for testing immunity against tuberculosis bacteria. oh а 98 
C a we. 


Bilateral symmetry—Arrangement of body parts in SU 
that the right and left halves are similar. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


zr Ё 
А 


ee sf =, лс у у 


е 


^ D 9 GLOSSARY ^ 5 


Bile—Secretior of the liver of vertebr i ps in di 
tion of fats; it passe through the bile duct inte tb o TS 

Binary fission—Division of an organism into two parts during 
asexual reproduction. ; 

„Binomial nomenclature— Scientific naming of plants and 
animals so that each has two names, the first name is that of the 
genus and the second of the species; the Specific name is peculiar to 
that organism only. 

Biology—The study of living organism, both plants and animals. 

Blastocoel—The cavity which appears in a blastula in the mass 
of cells produced by cleavage. 

Blastopore—Temporary opening of the archenteron of a gastrula to 
the exterior. In some it closes up while in others it becomes the anus. 

Blastula—A» early stage during development of animals, usually 
it is hollow ball of cells; it precedes gastrulation. 5 

Bowman’s capsule—The cup-shaped beginning.of a renal tubule 
formed around the glomerulus. It is named after Bowman. 

Brachial—Belonging to the upper part of the fore-limb of a 
vertebrate. 

Branchial—Pertaining to gills. 

Bronchiole—A narrow air-conducting tube of a vertebrate lung; 
it arises from the bronchus and ends in alveoli. 

Bronchus—A broad air-conducting tube of the lung. Each 


^ 


lung has one bronchus arising from the trachea. It has cartilage 


and mucous glands. 

Buccal—Pertaining to the mouth cavity. 

Budding—Asexual reproduction forming lateral outgrowth from 
the body of the parent. © 


Caecum—A blindly ending outgrowth of large intestine of some 
vertebrates. ete 

Caesarean—Delivery through an abdominal incision. 

Canicola fever—Infection of man by Leptospira canicola from rats 
and carnivores, accompained by high fever and jaundice. 

Canine toeth—Conical pointed tooth of mammals, one on each 
side of the upper and lower jaw. It is absent in many rodents and 
sometimes forms a tusk (wild hag чеш SON. ch 

of the minute branches of a - 
ing ‘Heed into dase célls; an exchange of substances between blood 
and tissues occurs through oe In vertebrates,’ it conveys- 
blood from an arteriole to a venule. 2e 

Carbohydrate—An organic compound of carbon, hydrogen and 


oxygen in which the last two are in the same proportion as in water. d : : 


e.g., starch, sugars, cellulose. They are essential for metabolism. 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri — Я 


^ 


2 


Ву 


6 i ANIMAL BIOLOGY ' / 


Cardiac—-Pertaining to the heart. Also a part of stomach. 

Carotid—Main artery taking blood from, heart to head of 
vertebrates. 

Carpals—Bones of wrist of tetrapoda which articulate prox: 
mally with radius and ulna and distally with metacarpals. 

Catalysis—A chemical process which is accelerated by an enzyme or 
some other substance, but the enzyme is not changed in the process. 


Caudal—Concerning the tail or tail region. 

Cell—A, unit of structure and function of living beings, it is a 
mass of protoplasm having a nucleus and bounded by a plasma 
membrane in animals. 

Centriole—A minute granule just outside the nucleus in a cell, 
it divides into two during mitosis. 

Centrosome—A small differentiated part of cytoplasm near the 
nucleus containing a centriole, it starts cell division. 


Centrum—Miassive ventral part of a vertebra, it fits into 
preceding and succeeding centra. It generally replaces the embryonic 
notochord. 

Cephalic—Belonging to or placed close to head. 

Cerebellum—Anterior and dorsal part of hind brain of verte- 
brates, it is concerned with co-ordination of complex muscular 
movements. 

Cerebral hemispheres or cerebrum—Large, paired outgrowths 
of fore brain concerned with co-ordination, will, memory, thinking 
etc. Also known as telencephalon. 

Cervical—Pertaining to the neck. 

Gheilosis—Formation of cuts or fissures at the angle 
mouth, may be due to riboflavine deficiency. 5 

Chiasma—Crossing of optic nerves which arise from the теш 
and go to the brain. An interchange of corresponding parts 0 
homologous pair of chromosomes. f 

Chitin—A hard, strong substance present as a covering уа 9 


s of the 


: many animals, [шешу Arthropoda. It is made 0 large 


molecules of polysaccharide. : 

Cholesterol—A crystalline substance of a fatty nature found 4 
brain, nerves, liver, blood and bile. It is not easily dissolved ар 
may crystallize along arterial walls. « 

Chondrocranium—Cartilaginous skull formed first in the embry? 
of a vertebrate; later this cartilage may be replaced by bones. 3 
* Chordae tendineae—Tendinous strings which join auriculo-vn 
tricular valves to ventricular or papillary muscles. doc 

Chordate—A phylum of animals with notochord, dorsal hole 
nerve cord and gill slits present in at least embryonic life. 
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Choroid plexas—Projections into ventricles of brain of non- 
nervous epithelium which forms the roof in some regions; it contains 
blood vessels and Secretes the cerebrospinal fluid. 
.9 Chromatin—A strongly stainable nucleo-protein of chromosomes 
їп a nucleus. 

Chromomere—One of the two linear granular threads seen in 
a chromosome during cell division. 


Chromosome—Deeply Staining threads made of chromatin, 


_ they are found in the nucleus in homologous pairs and are visible 


during cell division; they bear genes or carriers of hereditary characters, 
Chromosomes double themselves in nuclear division. - 

Cilia—Fine protoplasmic threads projecting from the surface ofe 
some cells, they vibrate in an orderly fashion. 

Class—A main sub-division of a phylum made of several orders 
and families. ə : 

Clavicle—A collar bone or a bone of the pectoral girdle of many 
vertebrates. 

Cleavage—Repeated mitotic divisions of a zygote to form a mass 
of cells of the blastula, the cells divide before attaining full size. 

Clitellum—A thickened glandular part of the body wall of 
Some Annelida, it secretes mucus during copulation and the substance 
of a cocoon around fertilized eggs. 

Cloaca—Terminal part of the gut of vertebrates (except 
mammals) into which the rectum, kidneys and reproductive ducts 
discharge. It has a single posterior opening instead of separate 
anus and urinogenital openings. es 

Cnidoblast—A type of cell which contains a nematocyst in Cnidaria. 

Cnidocil—A sensory hair-like process of a cnidoblast lying ‘near 
the outer end of a nematocyst. ES: 

Coagulation—Process of changing a fluid into а thickened 
congealed state, as in blood. 

Coccyx—The fused-together terminal vertebrae of a tail. і 

СосШе#—А part of the inner ear of vertebrates, particularly іп. 
higher tetrapoda, which is concerned with reception of sound. ~ 

Coccon—A protective ers enclosing fertilized eggs, a larva, 
@ pupa, or an adult animal. › 1 . z 8 

Coelom—Body cavity in many triploblastic animals lined with 

i i itheli it encloses the viscera and has a 
parietal and visceral epithelium, it en eee m el 
coelomic fluid. In soñe it is much reduced by a perivisceral кшш . 

Collagen—A fibrous protein of high tensile strength, 15 te 
white fibres of connective tissue and binds cells and tissues together. 

in which particles larger than 

Colloid—A state of matter in ` р ЧЕТО ПД: „| 
molecules are distributed in a dispersion medium ma наш. 
Solid or gas. e 
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Colon—Large intestine of vertebrates excluding the rectum 
concerned mainly with removal of water from faeces. 


Columella—A ‘rod-like bone or cartilage in reptiles, birds and 
some amphibians connecting and transmitting sound from tympani 
membrane to inner ear. 

Commensalism—Living together in same habitat of two or more 
different species in which one may be benefited and the others are 
neither benefited nor harmed. 

Commissure—A bundle of nerve fibres lying between and connect- 
ing two similar parts of the right and left sides of brain or spinal cord 
in vertebrates. 

.  Condyle—A knob of bone fitting into a socket of another bone, 
the two forming a joint. 

Cone—Light-sensitive cell in vertebrate retina like a cone in 
shape. Cones can discriminate acute details and perceive colours. 

Congenital—Existing by birth or before. 

Conjunctiva—A thin, transparent layer of secreting epidermis 
covering the cornea and lining the eyelids in vertebrates. 

Coracoid—A bone of the pectoral girdle which meets the scapula 
at the glenoid cavity. 

Cornea—An outer transparent layer in the front part of a vertebrate 
eye lying below the conjunctiva, it is a continuation of sclerotic. 

Corpus striatum—The floor of cerebral hemisphere formed of 
ganglionated masses and white medullated fibres, it has a striated 
appearance under the microscope (plural=corpora striata). é 

Cortex (cerebral)—A layer of grey matter above the white 
matter in the cerebral hemispheres of mammals mostly (neopallium). 

Cortisone—One of the principal hormones of adrenal gland; it has 
powerful anti-inflammatory properties. 

Cranium—Central part of a skull enclosing the brain. 

. Crop—An enlarged part of the fore gut in which food is stored 
in birds, or food is stored or digested in invertebrates. ; 

. .Cross-fertilization—Fertilization of ova of one hermaphrodite 
individual by sperms from another. Opposite of self-fertilization- 

Crus cerebrum— Thick tract of nerve fibres in the mid brain 
below the optic lobes, they connect the cerebral hemispheres to the 
hind brain (plural=crura cerebri). 

Cuticle—An outer  non-cellular * protective covering of an 
organism ѕетгеіей by epidermis. In animals itis made of chitin of 
collagen-like protein or both. : 

“ Cyst—A resistant and protective covering of an organisra during 
some phase of life. TE 

Cytoplasm—Protoplasm of a cell excluding the nucleus, it 18 
differentiated externally in animal cells as a plasma membrane: 


\ 
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Dandruff—The ĉommon scaly condition of the scalp ; may be 
the forerunner of skin diseases such as flexural dermatitis. 

Daughter cells—Two cells produced by division of a single cell. 

Dehydrogenase—An enzyme which oxidises a substrate by 
removing hydrogen from it during tissue respiration. 

Dendrites—Branching projections of a nerve cell which form 
synapses and receive impulses from axons of other nerve cells. 

Dentary—One half of the lower jaw in mammals, in other 
vertebrates it is one of the bones of lower jaw. 

Dermal bones (investing bones or membrane bones)—Bones 
formed from mesoderm and not from pre-existing cartilage in the 
skull and pectoral girdle of vertebrates. 

Dermis—Layer of skin below the epidermis, made of connective 
tissue, blood and lymph vessels, collagen fibres and nerves.° 

Diabetes—A disease due to insulin deficiency in which there is 
Unusual permeability of the kidneys to glucose (d. mellitus). Diabetes 
insipidus is a disease of the posterior lobe of pituitary, leading to 
dehydration and polyuria ; urine being pale and of low specific gra- 
vity. Nephrogenic diabetes insipidus (N. D. I.) like haemophilia is 
inherited through females but appears only in males. Patients are 
called ‘water-drinkers’. 

Diaphragm—Muscular membrane lying transversely between 
the thoracic and abdominal cavities in mammals, it helps in 
respiration. 

Diaphysis—Shaft of a tong limb bone or central part of a vertebra 
in mammals. 

Diastole—Heart-beat in which muscles relax and heart refills 
with venous blood. 7 у 

Diencephalon—Part of the fore brain behind the cerebral 
hemispheres, also called thalamencephalon. EA 

Digestion—Breakdown of complex food by enzymes into simple 
compounds which are soluble and can a pale 

Digit—Finger or toe of a limb having phalanges. : 

Dimorphism Differences in structure and form between two 


a 


individuals of the same species. pn 
Dioecious—(Unisexual) prodycing male and, female sex cells in 
Separate individuals; not hermaphrodite. Medii zx 
Diploblastic—Having the body made of only two germ-lay , 
ectoderm and endoderm. a 
Diploiđ—Normal number of chromosomes of a somatic cell 
found in homologous pairs. | 
Distal—Situated away from the point of attachment. 


Dorsal—Situated at or nearer to the back or upper surface. m EC t 
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Duodenumi—First part of small intestine, usually U-shaped, of 
vertebrates; it receives bile and pancreatic ducts and is a region of 
active digestion. ^ 

Dura mater—Outermost membrane around the brain and spinál 
cord, it is made of firm connective tissue and has blood vessels. 

Dysorexia—An abnormal or unnatural appetite. 


Dysuria—difficult or painful urination. 
E 


Ecdysis (moulting)—Periodic shedding of outer cuticular cover- 
ing in Arthropoda. In most reptiles the outer layer of epidermis is 
- shed periodically in ecdysis. 
Echinodermata—Phyium of invertebrates; they are marine, radially 
symmetrical with calcareous skeleton of plates in dermis, coelom is 
well developed, tube feet are prescnt. Include starfish, etc. 
Ectoderm—The outer layer of cells in a gastrula which eventually 
forms the epidermis, nervous system, sense organs and nephridia 
(if present). 
Ectoparasite—A parasite living practically on the outside of its host. 
Ectopia—Wrong placement of an organ or structure, е. S., ecto- 


pic pregnancy resulting from gestation in the Fallopian tube instead 
ofuterus. At about 6th week the tube ruptures. 

Ectoplasm—Outer layer of protoplasm of Protozoa, it is a 10D- 
granular gel. 


Ectothermal or poikilothermal—Cold-blooded animals which do 
not have the ability to regulate the body temperature, so that it varies 
according to that of the environment. This condition is characteristic 
of ail animals except birds and mammals. 

Efferent—Conveying outwards or away from, e.g., efferent nerve 
fibres conduct impulses away from the central nervous System. 

Басин duct—Duct conveying seminal fluid or semen 

ectrocardiograph—An instrument containing a string £ vanos 
, meter through which passes the electrical current produced by the 
heart's contraction. 

Elytron—Thick, tough front wing of some insects; elytra 87e 
protective. RA 

Embryo—A young animal in the process of development within 
egg membranes or maternal body. - 

. Embryology—Study of embryonic development of an organe 
. Emulsion-—A liquid in which fat is broken into small parti 
which mix with water or another fluid. Е 

Enamel—Hardest white substance in animals, it covers the 09: 
of a tooth. It has crystals of calcium phosphate and carbon 
some organic substance. ^ 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


r 


CEP i e Le 


Р Se 


\ 
^ e 


^ 


GLOSSARY о : ll 


Encystment—Enclosing of an animal in an impermeable and 
protective cyst. a 5 

Endocrine gland (ductless gland)—A gland ргобисіпр a hormone 
But having no outlet duct. 

Endoderm—Inner germ-layer of a gastrula lining the archenteron 
which forms the lining of the gut and associated digestive glands in adult. 

Endogenous—originating within the organism. 

Endoparasite—A parasite living within the body and at the expense 
of its host. 
. Endoplasm—Internal cytoplasm surrounded by ectoplasm, it 
is a thick granular fluid. 

Endoplasmic reticulum—A system of interconnected double walled ^ 
membranes of the cytoplasm covered with ininute granules. 


Endoskeleton—Internal skeleton of an animal made of bone or 
cartilage or hardened cuticle. o 
Endothelium— Cells lining the heart, blood vessels and lymph vessels. 33 
" Endothermal or stenothermal or homoiothermal—Warm-blooded 
animais which maintain a constant body temperature regardless 
of the temperature of the environment. This condition is characteristic 
of only birds and mammals whose temperature is generally higher 
than that of the usual surroundings. 
Endotoxin—A toxic product of bacteria which is associated with 
the structure of the cell and can only be obtained by destruction of 
the cell. 
Enterokinase—A substance produced in vertebrates by small 
intestine which changes trypsinogen into trypsin. 
Enteron—That part of the digestive tract which is formed from 
endoderm. s 
Enuresis—a sort of bed-wetting. SEAL. 
Environment—Collective conditions in which an organism lives; 
they are temperature, light, air, water, etc. > 
ааа agent which promotes chemical change 
without being changed or used up. Enzymes are complex protin 
produced by living things, each brings about a single or only a few 
chemical reactions. A vertebrate has thousands of enzymes. 
Epiboly—Growth of cells of an embryo over the surface during 
astrulation. Led 
3 Epidermis—Outermost layer of cells of the skin, formed by and 


including Malpighian“layer in vertebrates. —— 35 Aa 
Epilepsy It results from disordered electrical acy am brainy 
the fit 15° caused by an abnormal electrical discharge t rz | 


3 


Cerebration and usually results in loss of senses. — X ail 
Ep vus берау ossified end of growing | Барате or e 
vertebrae, an epiphysis fuses at each end ‘of a diaphysi 
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Epithelium—A sheet or tube of joined cells, with very little 
intercellular substance, they form lining or coyering of substances. 
The cells may be’squamous, cubical, or columnar according to height 
of cells. 9 


Erepsin—A mixture of enzymes produced by small intestine, it 
splits polypeptides into amino acids. 


Ergonomics—Application of various biological disciplines in rela- 
tion to man and his working environment. 


Ergosterol—A provitamin present in the subcutaneous fat of man 
and animals. On irradiation it is converted into vitamin D, which has 
antirachitic properties. 

.  Erythrocythemia—Overproduction of RBC, opposite is erythrocy- 
topenia. - 

Eugenics—A study of factors which can improve the future gene- 
tations of mankind both mentally, and physically. 

_ Eusiachian tube—Tube connecting the middle ear to pharynx 
in tetrapoda, it prevents injury to ear-drum by equalising air pressure 
on both sides. , 

. Evolution (organic)—Irreversible change in organisms occurring 
In successive generations formed by direct descent, so that all living 
орали have developed from the simple ancestors to more complex 
Orms. 

. Excretion—Getting rid of waste substances produced in metabo- 
pari tHe main organs concerned are nephridia, Malpighian tubules 
or kidneys. 


Exoccipital—A bone on each side of foramen magnum at the 
posterior end of the skull. e 
xoskeleton—Skeleton covering the outside of the body oF 
embedded in the skin: It is a hard non-living chitin in Arthropoda, 
a shell in Mollusca, or bony plates in some fishes, tortoise and a few 
mammals. 
External respiration—The process of breathing by which aif 
comes їп contact with any respiratory surface (gills, lungs, etc.), 0 
then the transport of O, and CO, between the respiratory surface 
and tissue cells. 
Eye-teeth—the upper canine teeth. 
(e 
9 F 6 
Facial nerve—Seventh cranial nerve of vertebrates going to palate: 
tongue, lower jaw and neck. 


‘ Faeces Indigestible remains of food together with bacteria and 
residue of secretions which are expelled from the digestive tract- 

Fallopian tube—A tube in female mammals which starts close 
to the ovary and opens into the uterus; it conducts ova. 
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Family—It is а collection of simil imi ili 
Bee an order. In zoology a (Шу ааш tmd EPA аша 
at body—A diffuse tissue іп insects bel zi ; i 
Мое, HE proteins, glycogen and uric ‘acid. E pev joe 
It 1s an o i ini ich i 
sed ia Libero rgan in the abdomen containing fat which is 
Fe E boie of tetrapoda; third segment of leg in insects. 
erülization—Union of two gametes or a 
to form a zygote in sexual reproduction. Run. cU 
T. ate ES material formed from fibrinogen during clotting 
. Fibrinogen—Soluble protein in blood, it i i 
insoluble fibrin by an enzyme; this brings Aho: clotting RM EOR 
Fibrinogenopenia—Lack of blood plasma fibrinogen. 
У Fission—A sexual reproductioa by division into two equal parts 
(binary), or into several equal parts (multiple). $ 
». Flagellum—A fine long thread projecting from a cell, it is capable 
of sinuous movements. 
Flatus—Gas in the stomach or intestine. 
Foetus—An embryo of a mammal after all features of a fully 
developed animal have been formed. 
. ,Fontanelle—A natural gap in the skeletal covering above the brain, 
It 15 covered by skin. 
Foramen magnum—Posterior opening in vertebrate skull through 
which spinal cord passes. 
Foramen of Monro—An aperture between the third and lateral 
ventricles of brain. 
А Forensic medicine—Application of medical knowledge to questions 
of law. 
Fossil—Remains of organisms preserved in rocks, they are generally 
hard parts which are partly or completely replaced by minerals. 
Fovea—Depression in the retina of vertebrate eye in which the 
sharpest irhage is focused, it has many cones but no rods. 5 
Fronto-parietal—A compound dermal bone in the roof of the 
cranium. 
G bis 
Gall bladder—A bag near the liver for storing b E 
Gamete—A reproductive cell whose nucleus and often cytoplasm 
fuses with that of another gamete during fertilization resulting x 
the formation of a zygote. Gametes are usually differentiated into 
male and female gametes. ehia 
Gametogenesis—Process of development of gametes in w I 4 


reduction division occurs reducing the nunsber of chromosomes to 
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Gammaglobulin—Also called immunoglobins, take part in various 
immune responses of the body to antigens. it 


Ganglion—A swelling due to a mass of cell bodies of neurons. | 
In most invertebrates the central nervous system is made of ganglia. | 
in vertebrates the ganglia occur in the nerves of peripheral and: 


autonomic nervous systems. 


Gartner's bacillus—(Salmonella enteriditis), widely distributed in 


rodents, causing food-poisoning. 


Gastro-vascular—Serving the functions of both digestion and 
circulation. 


Gastrula—A stage in embryonic development in which cell 


-movements form two germ-layers, an outer ectoderm and an inner 


endoderm layer having an archenteron cavity with an aperture called 
blastopore. 

Gene—A part of а. DNA molecule which duplicates itself; it is 
a unit of heredity which controls the fermation of specific enzymes in 
the cytoplasm. А 


Genus—It is a group of several similar species and is а sub-division 
of a family. : 


. Geriatrics—Branch of medical science dealing with old age and 
its diseases. 


Germ-layer—One of the primary layers of cells formed in an. 


embryo after gastrulation, they are ectoderm, endoderm and mesoderm. 

Gerontology—Scientific study of aging. 

Gestation—Length of time taken for development inside the body 
of mother from fertilization till birth in a viviparous animal. 

Gill (Branchiae)—Respiratory organ of an aquatic animal. 

Gill clefts or pharyngeal clefts—Paired openings from the pharynx 
to the exterior in chordates; actually, they are inpushings of the 
epidermis into gill pouches. 

Gizzard—A muscular part of the alimentary canal for grinding 
food in earthworms, insects and birds. 


Gland—A cell or an organ which secretes a specific clfemical for 
а special function. 
___ Glenoid cavity—A cup-like hollow in the pectoral girdle of tetrapoda 
into,which the head of the humerus fits forming a shoulder joint. 

Globin—a protein which combines with haematin to form hae- 
moglobin. i 

Glomerulus—A mass of small capillaries projecting into 4 
Bowman’s capsule in vertebrate kidney through which blood with its 


dissolved substances is filtered, but plasma proteins and corpuscles 
are not filtered. 


Glossopharyngeal nerve—Ninth cranial nerve of vertebrate? — 


going to tongue and pharynx. 
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Glossoplegia—paralysis of the tongue. rd 
Glottis—Apertura leading from the pharynx into the larynx. 


Glycogen—An animal starch, it is a soluble po? saccharide bei 
Stored in liver and muscles. s iE 


Glycosuria—presence of sugar in the urine. 


. Golgi body—A cell organelle in the cytoplasm of most animal cells 
In the form of vacuoles and membranes, it is concerned probably 
with formation of secretions. 

Gonad—Reproductive organ (ovary or testis) which forms gametes, 

Graafian follicle—A fluid-filled vesicle in mammalian ovary 
containing an oocyte, after escape of egg the follicle becomes corpus 
uteum. e 

Granulocyte—A white blood corpuscle of vertebrates with lobula- 
ted nucleus and granular cytoplasm. 

Grey matter—Tissue of nerve cell bodies and dendrites ia verte- 
brate central nervous system together with neuroglia and blood vessels, 
It is found as an inner layer (but also as a superficial layer) on 
cerebral hemispheres and cerebellum in some vertebrates. It brings 
about co-ordination. 

Gullet—First part of the digestive tract, also called oesophagus. - 

Gynaecomastia—enlargement of the male mammary glands. 


H 


Haemangioma—a malformation of blood vessels; when in the skin 
it is one form of birth-mark appearing as a red spot. 
Haematemesis—vomiting of blood. 
Haematuria—blood in the urine. E. ` m 
—-Perivisceral body cavity formed by the blood sys 
mE ms саби as’ i Arthropoda and Мод; е 
in—Respiratory pigment of protein with iron fo 
in ie lee dns 4: erythrocytes. Each species of animal has a 
different type of haemoglobin. : : 
Haemopoiesis—Formation of blood corpuscles in bone marrow, 
lymphoid tissue or other organ. ae AS 
Haltere—Modified and reduced hind wing of dipterous flies; i { 
is sensory and concerned with equilibrium in flight. uiid | 
Haploid—Chromosomes їп a gamete which have реет. r nea o, 4 
half the normal number (diploid), found as E epo RES 
i Channels in bones around ү dune. oe 
шека Кешр кое Шеу иш from bul NET 
to the surface, blood vessels and nerves pass ug S СЫС 
avers. Х 
Hepatic—Pertaining to the liver. 
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Heredity-—Transmission of parental characters, to the offspring, 
it is the genetic continuity between successive generations. 

Hermaphrodite,(bisexual)—An individual producing both male and 
female gametes; also known as monoccious. с 

Heterodont—Having teeth of different kinds, as in mammals, 

Hibernation—Winter sleep; a dormant, inactive state of an animal 
during winter in which metabolism is slowed down and the body 
temperature falls. 

Hiccuping—an involuntary inspiratory spasm of the respiratory 
organs ending in a sudden closure of glottis, with the production of 
characteristic sound. 


Histidine—an amino acid present in haemoglobin, it is a precursor 
of histamine. а 

Histogenesis—Development and differentiation of tissues to form 
organs. z 

Hisfology—Branch of anatomy concerned with detailed study of 
the structure of tissues and organs. ' 

Histolysis—Dissolution and breaking down of tissues and organs. 

Holoblastic—Animal zygote undergoing complete cleavage into 
cells, such division occurs where the egg has very little or no yolk. 

Homologous—Organs of different animals which have а 
fundamental similarity of structure or position, especially during 
development, regardless of their functions in the adult; this is due to 
common ancestry. 

Homologous chromosomes—In somatic cells chromosomes 
occur in pairs, though they may not be visible; one member of à 
pair comes from the male parent and the other from the female 
parent. Two members of a pair are identical and are said to be 
homologous, they carry similar genes. 

Homozygous—having identical genes in the same locus on опе of 
the chromosome pairs. 


Hormone—An organic substance produced by an endocrine gland 
and transported by blood to some other organ where it exerts a specific 
„action. They are found both in invertebrates and vertebrates. 


Humerus—A bone of the upper arm of tetrapod limb. 

Hydraemia—excess water in blood plasma. 

Hydrophobia—rabies in man caused by a neurotropic virus, Usua- 
Пу transmitted by a rabid dog-bite. Spasm of throat occurs When 
patient attempts to eat or drink, hence a fear from drinking. 

Hydrops—severe form of erythroblastosis foetalis. 

“© Hyoid—Cartilages and bones at the base of the tongue. * 
Hypercalcaemia—excessive calcium in blood. 
Hypercapnia—excessive carbon dioxide in blood. 
Hyperphagia—overeating’ 


CCO. Vasishtha Tripathi Collection. Digitized by eGangotri 


е 


^ к 


2 
—— — —— 


` : * GLOSSARY ; 17 


Hyperpnoea—rapid breathing. >D 
Hyperpyrexia —high fever, above 40°С. - 
Hypertension—high blood Pressure; opposite term is Hypopiesis. 


Hypophysis—A median ectodermal inpushing from stomodaeum 


which fuses with the infundibulum to form the pituitary gland in 
vertebrates. 


Hypoxia—low OXygen in tissues, 
I 


the large intestine, active absorption of digested food Occurs in it. 

Ilium—Dorsal bone of pelvic girdle which in tetrapoda is joined 
to sacral vertebrae. r 

Incisor—Chisel-shaped teeth borne by Premaxilla of upper jaw and 
those biting against them in the lower jaw in mouth of mammals. 

` Indol—a product of intestinal putrefaction, it is oxidized to in- 
doxyl in the liver and put out in urine as indican. 

Influenza—an acute viral infection of the nasopharynx. 

Infundibulum—A down-pushing of diencephalon which meets 
the hypophysis to form a pituitary gland. 

Innominate—A short artery branching into subclavian and 
carotid in many birds and mammals. Each half of pelvic girdle in 
amniotes when ilium, ischium, and pubis are fused into a single bone. 

Insemination—introduction of semen into vagina—natural or 
artificial. 

Insomnia—sleeplessness. 3 

Insulin—A hormone secreted by islets of Langerhans of pancreas 
which controls the amount of glucose in the blood. 

Intercellular—Lying between the cells. 

Interferon—a natural protein of cell; effective against every known 

irus, but is a very weak defence. : 

Interoceptor (also written as enteroceptor )—Internal receptors 
which detect stimuli arising inside bs mes. da Me 

resting metabolic s Id М 
inde pie mul ds mitotic division, but other activities 
continue. : ; 

Interstitial cells—Some rounded packing cells of Сиан tut 
vertebrates, the cells lying between ovarian follicles or nit us 
tubules of, gonads. In testes they secrete testoterone ho 4 

Intracellular—Within a cell. SL VUE 

i ing inwards of a layer of cells so as to form — 
ао эрер э б pe rto 
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. Involution—Process of rolling in of cells over an edge, as in 
gastrulation where outer surface cells pass inwards at the blastopore., 
Iris—Coloured front part of the choroid of the eye which controls 
the amount of light entering the eye. 1 
Irritability—Ability to respond to changes in environment or 
to stimuli, a fundamental property of living things and protoplasm. 

Ischium— Posterior ventral bone of the pelvic girdle. 

I. U. C. D.—intra uterine contraceptive device for planned parent- 

hood. 
J 

Jaundice—Disease of the liver .due to varied reasons such as 
obstruction of bile-tract, excessive haemolysis of RBC, infective or 
toxic damage of liver ceils, infective jaundice of viral nature. 

Jugular—Main vein in the throat returning blood from head 
in vertebrates. 

K с 

Katabolism—catabolism—Process of metabolism in which living 
organisms break down complex organic substances into simpler sub- 
stances with liberation of energy required for activities of organism. 

Keratin—Tough fibrous protein in epidermis of vertebrates, it 
forms a resistant outermost layer of the skin and also gives rise to 
hair, feathers, scales, claws, horns, eye-lens etc. It prevents evapora- 
tion and entry of bacteria. 

Ketosis—accumulation of ketone bodies in the blood. 

Kidney—Excretory organ of vertebrates made of uriniferous 
tubules or nephrons with blood vessels; andsits functions are filtration 
of blood from water and regulation and excretion of waste substances. 

Einematics—the science of motion. 

L 

Labium—Lower lip of insects formed by fusion of a pair of 
appendages. 

Labrum—A part of exoskeleton which forms an upper lip of the 
mouth in insects. : : 

Lachrymal glands—Tear glands in eyes of tetrapoda, Ше 
secretion keeps the cornea moist. 

Larva—An immature stage in development of some animals 
which hatches from the egg and is free-living, it undergoes change 
during metamorphosis to become an adult. ; 

Larynx--Enlarged proximal part of trachea into which glottis 
apens. Its walls are supported by cartilage plates and it contain? 
vocal cords. Found in tetrapoda; modified in birds. — " . — y 

Laser beams—Light Amplification by Stimulated Emission 0 


Radiation. Energy transmitted as heat that сап coagulate tissues. iy j 


LASER beams are used in-the treatment of retina and cancer. 
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Leucocyte—A white blood c i irai i 
emay ү eof d CDM orpuscle with no dues pigment, 

Leucoderma— defective skin pigmentation. ^ 
° Leukaemia—a blood disease in which WBC are abnormal in type 
or number. Treated by transplanting matching bone márrow. 

Lipase—Enzyme which splits fats into simple substances. 

L. S. D.—lysergic acid diethylamide, is an amine oxidaze inhibitor. 

Lumbar—Waist region, it has lumbar vertebrae between the 
thoracic and sacral vertebrae in most amniotes. 

Lymph—A fluid drained from intercellular spaces, it is derived 
trom blood by filtration through capillary walls, it is colourless and 
contains white blood corpuscles but no erythrocytes. ND 

Lymphatic system—A system of tubes aüd nodes in vertebrates 
leading from tissues (except nervous system) into venous system. 
It filters lymph, destroys bacter’a and produces lymphocytes. 

Lymphocyte—A small whitt blood corpuscle of vertebrates with 
2 large, round nucleus, it is amoeboid but non-phagocytic. 

Lysmphocythaemia—excesses of lymphocytes in the blood. 

Lysozyme—an antiseptic enzyme present in tears. 

M 

Macula—the yellow spot on the retina, the area of clearest vision. 

Malignant—that which is likely to have a fatal end. 

Malleus—Ear ossicle of mammals representing articular bone 
of other vertebrates. 

Malocclusion—failure of upper and lower teeth to meet properly 
when the jaws are closed. site : КО Dd 

ighi dy (renal corpuscle)—Bowman's cap: Bio 
DUET mec for EA eee RU 9 eem 
ighi erminativum yer О 5 
dati SE та E T, active cell division occurs and new 
cells become keratinised replacing the outer cells. К TA 
Malpighian tubules Tubular шш opening into hind gut o 
opoda, they are excretory. : TU 
READ. wb animal that produces milk for nourishing 
its youngs ones. 9 
анс алй Milk- produc™mE gland on ventral surface of 
mammals, functional only in fé . roris d 

Mandible—Lower jaw in уеп In many Arthrópoda it S " 
one i jaws or mouth parts. - { pae 

уйа fatty auban in bone cavity. containing blood P 
cells which are formed by it. j i i iaw. 

мо muscles of mastication, they raise the lower Jaw E 

Mastalgia—pain in the breast. | 
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* Matrix—tIntercellular substance in cartilage, bone and connec- 
tive tissue, cells are embedded in it and it may have deposit of salts, 

Maxilla—A larze bone of upper jaw of vertebrate carrying most 
of the teeth. One of a pair of mouth parts in many Arthropoda.’ 

Maxillipede—A limb modified for feeding as in prawns. 

Medulla—Central part of an organ, as in adrenal gland. 

Medulla oblongata—M ost posterior part of vertebrate brain, 
it joins the spinal cord. It has thick walls but thin roof and its cavity 
is 4th ventricle, controls co-ordination of impulses, blood vessels, 
heart and respiratory movements. 

Medullary (Neural) plate, groove, ст tube—Successive stages formed 
by ectoderm in development of vertebrate central nervous system. 

Б Medullated—Nerve fibre covered with thick myelin or medullary 
sheath. 

. Meicsis (reduction division)—Two successive cell divisions in a 
diploid cell in which chromosomes aré duplicated only once so that 
the number of chromosomes in four daughter cells is half of the 
diploid numiber. It occurs in formation of gametes which are haploid. 

Meninges—Membranes covering the vertebrate central nervous 
system, they are dura mater, pia mater and arachnoid (in mammals). 

Mento-meckelian—Anterior bones or cartilages of vertebrate 
lower jaw. 

. Mesenchyme—Embryonic connective tissue with branching cells 
in a jelly-like matrix, derived mostly from mesoderm. It forms 
connective tissue, bone, cartilage and blood. 

Mesentery—Membrane supporting the “viscera and forming 4 
double-layered peritoneum by which some organs are attached to 
dorsal’ body wall. 

Mesoderm—Germ-layer of triploblastic embryos made of cells 
which have migrated inwards from the surface of the embryo. It 
forms muscles, connective tissue, blood, etc. ` 
. Mesogloea—Jelly-like layer between ectoderm and endoderm 
in Cnidaria, may or may not have cells. í : 

Mesothorax—Second segment of insect thorax bearing a раї 
of legs and in most insects a pair of wings. ; 

Metabolism—Chemical processes taking place in an organism d 
which organic compounds are broken down to liberate energy, an 
building up of compiex organic compounds of protoplasm from 
simpler substances. « 

. Metabolite—any product of metabolism. 

Metacarpals—Bones of the hand in tetrapoda which lic “betwee? 
carpals and phalanges. 

Metamerism (metameric segmentation)—Repetition of 
succession of homologous sttuctures along the antero-posterior 


a 
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Seen markedly in Annelida, Arthropoda and Chordata., Vertebrates 
show it in embrybnic state, and chiefly in muscular, skeletal and 
nervous systems. о х 
о Metamorphosis—A rapid transformation from larval to adult 
form in which destruction of some larval tissues and formation of 


i adult organs occur. 


Metaphase—Stage of mitosis or meiosis when chromosomes are 
arranged on the equator of the spindle. 

Metaphysis—that portion ofa long bone between shaft and 
extremity. 

Metatarsals—Bones of the foot of tetrapoda lying between tarsals 
and phalanges. Е À 

Metathorax—Third segment of thorax o$ insects bearing a pair 
of legs and generally a pair of wings. 

Metazoa—Animals whose bodies have many cells, as opposed to 
Protozoa. ^ 5 
, Meteorism—excessive accumulation of gas in the intestines. 

Micelles—Ultramicroscopic molecular chains in cytoplasm which 
form the physical basis for chemical reactions, they all make many 
biological fabrics, such as cellulose, chitin. 

Miosis (myosis)—contraction of the pupil of the eye. 

Mitochondria (chondriosomes)—Minute double-walled bags in cyto- 
plasm of every cell, made of protein, fat and enzymes. They help in 
respiration and break down organic substances, they are the store- 
houses of energy. 

Mitosis—Indirect cell division with a division of the nuclear material 
into two exactly similar halves in which each chromosome duplicates 
itself so that one member goes to each resulting daughter nucleus, 
which thus have an identical complement of chromosomes and genes. 
The cytoplasm generally also divides to form two daughter cells. 

Modiolus—the central bony pillar of the cochlea around which 
the spiral canal winds. 

Molars—Crushing teeth of mammal with several roots and ridges 
on crown, they have по predecessors in milk teeth. к 

Mollusca—Phylum of invertebrates; they have soft bodies often 
with a hard shell; they have a head, foot and visceral mass, body is 
unsegmented. They are mostly aquatic, includes snails, octopus. 

Monocyte—Largest white $lood corpuscles in vertebrates with 
spherical nucleus, thsy are phagocytic. ооа 

Morphology—Study of visible form and structure of organisms. 

Mucous membrane—General name for moist epithelium with 


underlying connective tissue in vertebrates. particularly lining of gut 


Mycosis—Disease caused by a fungus 
A. B.—64 
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for oxygen and is plentiful in deep-swimming creatures such as 
whales. E : 


Myohaemoglobin—a haemoglobin of the muscles; of much lower 
molecular weight. than blood haemoglobin; liberated from muscles 
and appears in the urine in the crush syndrome. 

Myringa—the ear drum or tympanic membrane. 


| 
Myxoedema—hypothyroidism resulting in dullness, low BMR | 


. Myoglobin—a substance related to haemoglobin ; acts as a store | 


and high blood cholesterol. 


N 
Narcolepsy—an irresistible tendency to go to sleep; opposite of , 
nsomnia. a | 
Narcotic—a drug which produces abnormally deep sleep. | 
Nares—Nostril of vertebrates, external nares lead from olfactory | 
organ and open on surface of head. internal nares open into the ^ | 
mouth cavity, except in most fishes. A 
Nauses—a feeling of sickness (vomiting) without actual vomiting. | 
Necrosis—localized death of tissue. | 


_Nematocyst—Stinging cell found in Cnidaria, produced by 
Cnidoblast. 


Neonatal period—the first month of life in a baby. 

. Neopallium—Cerebral cortex or roof of cerebral hemispheres 
im mammals which serves for co-ordination. 

Nephridium—Tubular excretory organ of many Invertebrates 
and Cephalochordata, it is ectodermal. Inzer end is closed or opens ` 
into the coelom and the other end opens to the exterior. 

Nephron—An excretory unit of vertebrate kidney made of a 
Malpighian corpuscle and a uriniferous tubule. ? 

Nephrostome—Ciliated funnel-like mouth of a nephridium. | 

Nerve cell (neuron)—Cell of nervous tissue having cell body of i 
cytoplasm and nucleus, from the cell body project a thread-like 
axon and short branched dendrites. Axons carry impülses away ! 

* from Bere body, dendrites receive impulses from axons of other 
nerve cells. 


Neural canal—Canal formed by neural arches of vertebrae through 
which nerve cord passes. 


Neurilemma—Outérmost membrane covering of a nerve fibre (axon): 


Neuroglia—Supporting tissue in vertebrate central nervous syste™ 
consisting of mesodermal cells, and also ectodermal cells with long 
fibrous processes. s 


Night sweat—profuse sweating during sleep, typical of tuber- 
culosis. 


Nit—the egg of head louse. 


КЕТЕ 
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Notochord—Skeletal rod of vacuolated cells enclosed in 
two sheaths ee below the nerve cord. It is complete in етту 
but is mostly replaced by centra of vertebrae in adults. 

. Nucleic acid—An organic compound of high molecular weight, 
it occurs in cytoplasm, nucleoli and chromosomes, synthesizes proteins 
and makes chromosomes visible in cell division. : 

Nucieus—Body present in nearly all cells; it has a surrounding 
membrane enclosing nucleoplasm and a meshwork of chromatin 
which forms chromosomes, there are one or more nucleoli. ` It is 
essential for life of the cell. Some cells (erythrocytes) have no 
nucleus, while some have more than one nucleus. à 

Nyctalopia—night blindness due to vitamin A deficiency. 

Nymph— Young one, which hatches from the egg in lower insects, 
resembles the adult, except that it has no wings and is sexually imma- 
ture. By growth and moulting it changes directly into an adult. 

° О а 
e QObstetrics—The science dealing with the care of the pregnant 
womaa during natal period. 2 

Obturator foramen—the opening in the innominate bone which 
is closed by muscles and fascia. 

Occipital condyle—K nob-like bone at the back of skull, it articulates 
with first vertebra. It is double in Amphibia and mammals, single 
in reptiles and birds. 

Ocelius—Simple eye of many invertebrates which only perceives 
light. à 
Oculomotor nerve—Titird cranial nerve of vertebrates supplying 
muscles which move the cyeball. 

Odontoblasts—Cells lying in pulp cavity of vertebrate footh, 
they form dentine. i 

Odóntoid process—Peg-like proces 
into the atlas; this process is a part о 
to the axis. 

Oesopliagus—First I C 
stomach ЕБга, food passes Шо it by pm че 

anon process—Bony process of mamm an uina project 
ing backwards Po form an elbow, muscles which straighten fore limb 
are attached to it. > oe лоста 

Olfactory nerve—First cranial nerve going from nasal epithelium 


f the brain in vertebrates. 
ey ee ne of the many rod-like units ef compound 


s of axis vertebra which projects 
f atlas but has become attached 


Ommatidium—O і y. compos 
i t-sensitive cells and a refractive system 
efor dut opoda, i Bee mati are separated from cach other 


for formi 


by pigment. | 
x Oncology — Scientific study of neoplasnis. 
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2 Oncosphere-—Six-hooked embryo of tapeworms which develops 


from the egg. . e 
Oocyte—Egg mother cell in ovary which undergoes meiosis to 
form an ovum. в 


Oogenesis—Process of formation of ova by meiosis іп an ovary. 

Oophorectomy—removal of the ovary. 

Ophthalmic—Pertaining to the eye. 

Opsonin—an antibody with antigen, usually part of intact cells 
and renders the cells more susceptible to phagocytosis. 

Optic chiasma—A structure below the fore brain of vertebrates 
formed by crossing of nerve fibres'of the two optic nerves. Ја 
mammals only half the nerve fibres cross while the other half remain 
on their original side. 

Optic lobes—Two or four thickenings on dorsal side of vertebrate 
midbrain. x 

Optic nerve—Second cranial nerve formed by fibres of nerve 
cells of retjna, it goes from eye to other side of brain in vertebrates." 

Orbit—Socket in the skull wall of vertebrates housing an eyeball. 

Orchis—testicle. 

Orchidectomy—removal of the testicle. 

_ Order—A group in classification made of several similar families, 
similar orders are grouped into a class. 

. Organ—A structural unit made of one or more kinds of tissues, 
it performs one or more functions. 

Osmosis—Diffusion of water molecules through a semi-permeable 
membrane into a more concentrated fluid, while the molecules of the 
dissolved substance in the fluid do not pass through the membrane. 

Osteoblasts—Bone forming cells lying within spaces or lacunae ш 
a bone, also the cells near the outer and inner surfaces of bones 
which form calcified intercellular lamellae of bones. 

Otolith—Granule of calcium carbonate in inner ear of vertebrates, 
these granules are attached to sensory cells. They help in équilibriUm 
due to a pull of gravitation on them. 


Oviparous—Laymg eggs from which embryos hatch outside the 
* body of mother. 

Ovipositor—Organ at posterior end of abdomen in female insects 
through which eggs are laid. Modified ovipositors form sting 10 
bees and wasps. d 
, Ovulation--Release of ripe eggs from ovary. k 

Ovum—An unfertilized mature female gamete with’ haploid 
nucleus. 

Oxidase—An enzyme which oxidises a substance by removing 
hydrogen and combining with oxygen in tissue respiration. 
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Oxyntic—producing acid. ". . 
Oxytocin—one of the pituitary hormones; contracts muscles of 


the uterus and milk ducts. 
о 


Р 


Pacemaker (contraction centre)—A region in vertebrate heart 
where contraction starts at each heart-beat. The S-A node. 

Pachychilia—thick lips. 

Palaeontology—Study of fossils, impressions, and other remains 
of animals found in various strata of surface of the earth. 

Palate—Roof of vertebrate mouth cavity. — 

Pancreas—Digestive gland which produses an alkaline mixture 
of enzymes and discharges it through a duct into the duodenum. It 
also contains islets of Langerhans which secrete insulin into blood. 

Pantothenic acid—a constitpent of vitamin B complex. ° 
" Parasite—An organism which lives on or within another 
organism and from which it obtains food. = 

Párasphenoid—Bone of the floor of the cranium. 

Parenteral—not via the alimentary canal. 

Parathyroid—Endocrine gland of tetrapoda near thyroid, its 
hormone controls distribution of calcium and phosphate, its deficiency 
lowers blood calcium. 

Parenchyma—Loose, spongy connective tissue with large cells 
and intercellular spaces, it forms large part of body of Platyhel- 
minthes. 

Parietal bones—A pair of membrane bones covering a large part 
of the upper surface of brain behind frontal bones. Gene 

Parietal epithelium—Peritoneum lining the coelom inside the 
body wall. Е À 

Parrot’s nodes—bossing of frontal bones in the congenital syphi- 
litic (named after French Physician Joseph Parrot 1829-1883). 3 

Parthenogenesis—Development of ovum into a new individual 
without fertilization by a sperm. ln some. animals it is of normar 
occurrence, ova developing this way are diploid. | 

Patella—A sesamoid Бопе in а tendon over the front of knee- 
joint in most mammals and some birds and reptiles. 12 

Pectoral girdle—Skeletal support of fore ‘limbs and connecting 
them to axial skeleton but not to vertebral column. 

Pediatrics—branch of medicine dealing with children. 


Pelvit girdle—Group of bones which support the hind limb and 
connect it to s: 


the axial skeleton. 


enis—A male organ joined to a dy 
озар: spermatozoa into а female. 
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* Pentadactyl limb—Limb of tetrapoda evolved as an adaptation 
for life on land. .It has three parts; upper arm or thigh, fore arm or 
shank, and hand gr foot bearing five terminal digits. 


Pepsin—Enzyme for splitting proteins into peptones in acid solution, 
it is secreted by gastric glands in vertebrate stomach. 


Pericardial cavity—Coelomic space enclosing a heart, itis separated 
from the perivisceral coelom in vertebrates. In Arthropoda it is a 
haemocoelomic space around the heart and supplying blood to it. 

Perinaeum--Body wall between the anus and the urinogenital 
aperture in mammals. 

Perinatal—occurring at, or pertaining to, the time of birth. 


Periosteum—Layer of connective tissue tightly covering а bone 
to which muscles and tendons are.attached, it contains osteoblasts. 


Peristalsis—Waves of contractions and relaxations in unstriped 
muscles: of tubular organs, particularly intestines, these movements 
mix the contents and move them along. 

Peritongum—Mesodermal membrane lining the coelom and 
covering the viscera and forming mesentery. ‘ 

_ Perivisceral coelom—Coelom of vertebrates which encloses the 
viscera but not the heart (nor lungs in mammals). 

А Pernicious—deadly ; е. g, pernicious anaemia resulting from the 
inability of bone marrow to produce normal blood cells in deficiency 
of vitamin В,.. 

Perioxiosomes—kind of microbodies of the cell in which peroxi- 
dase reaction involving the combination of hydrogen peroxide with а 
hydrogen donor substrate takes place, resuls in the oxidation of the 
donor and formation of water. 


Piiagocytes—White blood corpuscles which engulf foreign particles 
and bacteria by a process of flowing around them called phagocytosis; 
they are a defence mechanism. ù 

Phalanges—Bones of the digits of vertebrates which articulate 
end to end in rows (singular =phalanx). 

,  Pharynx—Portion of digestive tract lying between the mouth 
cavity and oesophagus, into which glottis or gill slits open. Often not 
distinct from mouth cavity, but it is lined with endoderm. 

_ Phylum—One of the major taxonomic divisions of the animal 
kingdom, it is made of one or more similar classes. 

Physiology—Study of functions going on in an organism. 

Pia mater—Delicate, vascular membrane covering the central 


nervous system, it fuses in gome places with roof of brain to form 
choroid plexus. ‹ 


Pineal body (epiphysis)—An outgrowth on roof of diencephalon. 


which loses its nervous character and becomes an endocrine gland 9 
unknown function, but its ‘removal retards growth. 
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Pituitary (uypophysis s Endocrine gland below’ the forebrain 
of vertebrates, it is made of anterior, posterior and intermediate lobes; 
it produces several hormones which are proteins. Anterior lobe 
produces a growth-controlling hormone, and other hormones which 
control the activities of other endocrine glands. Posterior lobe 
produces pituitrin which increases blood pressure, increases removal 
of water by kidneys and causes uterine contractions. 
Placenta—An organ formed by union of embryonic and 
maternal tissues by which embryo of viviparous animals is nourished. 
In mammals it brings about a close union between the embryo and 
uterus of mother so that there is an exchange between maternal and 
embryonic blood, this brings about nourishment, respiration and 
excretion of the embryo. EN - > 
Plasma—Liquid part of blood or lymph without corpuscles, it 
contains proteins, antibodies, blood-clotting substances and water. 
Plasma membrane—A fine double membrane of fat and protein on 
surface of cells formed by cytbplasm; exchange of substances occurs 
through it. TIN 
Platyhelminthes ( Flat worms )—Phylum of invertebrates with no 
coelom or blood system, they have parenchyma, flame cells and complex 
hermaphrodite reproductive organs. Includes flukes and tapeworms. 
Pleura—Membranes lining pleural cavities and covering surface 


of lungs in mammals. 
Pleurisy—inflammation of the pleural membranes of lungs, may 


dry[wet. 
Y ток  Fixoskeleton of chitinous substance on the lateral sides 


of segments of Arthropoda. 
Pneumonia—inflammation of the lung with 


lar exudate, due to bacteria. 
; Poikilocytosis—variation in the shape of the RBC, e.g., pear- 
115 in pernicious anaemia. . 
рү ет Y bolocyte)—Minute cell produced during develop- 


ment of ova from the first and second division of meiosis, it contains 


i -functional. 
*but almost по cytoplasm and is non-functia 85 
: RES T ums paralysis; an epidemia e puo 
which attacks the motor neu Ыш and spinal cord, 
i cular cavity of the lowe: T» > 
i eae in fore limb, it is the first digit on same side as 


i thaemia—abnormal increase in the number ciroiiating me 

as areal of dehydration or as a compensa on ра omenen 

increase «oxygen carrying capacity as in Cong pons » 
Polymorphism— ving m ^ p 

in a species. | 


production of alveo- 
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* Porifera--Sponges; they are fixed animals made of many cells 
built on a plan different from Metazoa, they haye no nervous system 
.and have collar cells. Water enters through small pores (ostia) and 
goes out through large pores (oscula). .. d 

Porphyrins—coloured organic compounds; they form the basis of 
respiratory pigments. 

Portal system—A network of capillaries in liver or kidney through 
which blood is transferred from one vein into another. 

Posterior—Situated at or near the hind end, the end which is 
directed backwards in locomotion. 

Premaxilla—Dermal bone in the front part of upper jaw 

“bearing teeth. AN. 

Premolars—Crushing teeth of mammals which have predecessors 
in milk teeth, they lie in front of molars, and have more than one 
root generally, the surface of crowt has ridges. 

Proboscis—A tubular extension Of the nose (elephant) or of 
upper and lower lips (insects) which may enclose other mouth 
parts. ^ Ў : 

. Proctodaeum— Posterior end of gut which is lined with ectoderm, 
it opens by anus or cloacal aperture. 

Proglottis—One of a chain of members in the body of tapeworm, 
each matured one has one or two complete sets of hermaphrodite 
reproductive organs. 

Pronucleus—After entry of sperm into ovum, there are two nuclei 
called male or female pronuclei. Male pronucleus fuses with 
female pronucleus in fertilization. Pronuclei are haploid and their 
fusion forms a diploid zygote. 

Prophase—Stage of mitosis or meiosis in which chromosomes be 
come visible in the nucleus, and in meiosis they also undergo pairing: 


Prostate gland—A gland in the neck of the bladder of male 
mammals, spermatozoa float in its secretion and are activated by it- 


Prostoglandins—name given in 1935 to a factor in human semen 
which stimulated smooth muscles; they are known to be secreted by 
a wide range of tissues, and often act near the tissue producing them; 
often known as ‘local hormones’. 
. Prostomium—Front part of first segment of Annelida overhang- 
ing the mouth. Я s 

Pro-otic—Skull bone in the auditory region. 

Proteolytic enzyme—Enzyme which splits proteins. 

e Prothorax—-First segment'of insect thorax bearing a pair of legs 

but no wings. ES 

Protoplasm—Living | substance in cells in a colloidal form of 
water, salts and organic compounds, it is the physical basis of life 
and is differentiated into cytoplasm and nucleus. 
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Protozoa—A phylum of animals usually not differentiated into 
cells, they occu? in damp situations. : i 

Proximal—Situated towards point of attachment (opposite of distal). 
© Pseudopodium—Temporary projections of a cell produced by 
flowing movements of protoplasm. Pseudopodia are formed in some 
Protozoa and white blood corpuscles for locomotion and feeding: 

Pterygoid—Triradiate bone of skull at the back of the upper jaw. 

Ptyalin (salivary amylase)—An enzyme in saliva of some mammals 
which acts on starch. 

Pubic symphysis—Joint of two pubic bones of pelvic girdle formed 
mid-ventrally in many reptiles and most mammals. 

Pubis—Ventral and anterior bone of pelvic-girdle of tetrapoda. 

Pulp cavity—Cavity of a vertebrate tooth containing odontoblasts, 
blood vessels, nerves and connective tissue. 

Pupa—Stage in development Of higher insects (holometabolic) bet- 
ween a larva and an adult in which feeding stops but great changes occur. 
* Pylorus—Junction of duodenum and stomach in vertebrates, it 
has a sphincter muscle for closing junction during gastixe digestion. 

Pylorospasm—spasm of the pyloric muscles, usually due to a duo- 
denal ulcer preventing the opening of the pyloric valve. 


Q 
Q-fever—febrile disease caused by bacteria „Coxiella burnetti; 
human infection from sheep and cattle through milk. R 
Quadrate—Bone at posterior end of upper jaw which in most 
vertebrates articulates with lower jaw; in mammals it becomes incus 
of middle ear. 3 
Quadrato-jugal—Posterior bone of upper 
R 
Rabies—a viral infection of dog leading to madness and hydro- 


jaw in some vertebrates. 


phobia. $ 
i imi ed around a 
Radial symmetry—Having similar parts arrang 
h longitudinal half is like the other. 
common ventre so that eac gi Se ets 


ortion of large intes 


л ture.. | 
exterior by an anus Òr cloacal aper ded cells „of 
thr j—Oval or round -0l 

Red blood core аи a respiratory pigment. In 


vertebrate blood, containing ie p 
ave n Н ў ЕЕ 

пешы а simple automatic response А ШШ spin e 

stimulus travels along several sensory "nerve into the эр! 
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cord, then it {es to motor nerve fibres which activate the muscles of 
the organ which had received the stimulus. Thefe actions involve 
synapses between nerve cells. f à 

Regeneration—Replacement of tissues or organs by an organism 
which have been lost. , 

Renin—an enzyme found in the cortex of the kidney, it is a 
cause of hypertension. 

Rennin—Enzyme secreted, by stomach of young mammals which 
curdles milk and converts soluble caseinogen (protein) into insoluble 
casein. 

Respiration—Taking in oxygen by respiratory organs and giving off 
carbon dioxide, this is called external respiration. Then internal or 
tissue respiration occurs, in which chemical reactions convert glucose 
into carbon dioxide and water, and energy is liberated; this is 
brought about by various enzymes (oxidase, dehydrogenase). 

Respiratory pigment—Substance which combines reversibly with 
oxygen, ¢.g., haemoglobin gets loadéd with oxygen in respiratory 
surface, then it gives up this oxygen in tissues. Y 

Resting cell—Cell which is not undergoing mitosis though all 
metabolic activities continue in it. 

3 Retina—Interior lining of vertebrate eye, it is sensitive to light, 
it has an outer pigment layer and an inner transparent nervous layer 
having rods, cones and nerve cells. 

. Rhabdom—Rod-like refractive body secreted by retinular cells, 
images are formed on it in eyes of Arthropoda. 

Ribosomes—Minute granules in cytoplasm they are made of proteins 
and RNA and bring about synthesis of enzymes and proteins from 
amino acids. 

Réd—Light-sensitive cell in retina of vertebrates. Rods are 
sensitive even to dim light though they do not discriminate fine details. 

Rodent—Mammal of orders Rodentia and Lagomorpha; they 
are gnawing animals with a pair of large continually gnawing incisors 
in upper and lower jaws. z 

Rudimentary—Only partially developed and having no function. 

S : 

, Sacrum—Vertebra or vertebrae which fuse together in tetrapoda 
and particulate with ilia of pelvic girdle; it has one vertebra in 
Amphibia but two or more in other tetrapoda. 

. Saliva—A fluid secreted into mouth. Іп terrestrial vertebrates 
it contains ^mucus and often ptyalin produceá due to presence o 
food. In insects it has digestive enzymes. 

Sarcolemma—A thin membrane around a striped muscles cell. 

Scapula—Dorsal part of pectoral girdle. 

Schlemm’s canal-—a lymphatico-venous canal in the inner part of 
the sclerotic, close to its junction with the cornea which it encircles. 
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Schwann cell—A cell ensheathin ze i- 
pheral nervous system, one cell peus үке; BUE 

Sclerotic—Fibrous or cartilaginous outermost, coat of eye-ball 
Qf vertebrates, it is continuous with cornea in front of eye. 

Scolex—Head-like part of tapeworm attached to gut of the host. 

Scrotum—External bag of skin in most mammals containing testey. 

.Sebaceous glands—Glands of mammalian skin opening into 
hair-follicle, they secrete an oily substance (sebum) for lubrication 
of skin and take part in synthesizing vitamin D in sunlight. 

Secretion—Production and passage of a substance by cells, the 
substance is also called secretion and it has a special function. All 
cells secrete, but it is most active in gland cells. . 5 

Self-fertilization—Fertilization of an ovum by a sperm from 
the same hermaphrodite animal. 

Sella turcica—a depression ir the sphenoid bone which contains 
pituitary gland. a j: 

e Semicircular canals—Tubes of inner ear of vertebrates lying in diffe- 
rent planes, they are organs of equilibrium, most animals <ave three. 

Seminal vesicle (vesicula seminalis)—Bags for storing sperms in male. 

Seminiferous tubules—Coiled tubes in vertebrate testes in which 
development of sperms takes place. 

Seminoma—a malignant tumour of the testis. 

Senescence—normal changes of mind and body in increasing age. 

Senile—senescence complicated by morbid processes. 

Sertonin—a product of cell metabolism liberated by blood plate- 
lets by injury; together with histamines may be concerned with allergic 
reactions. 1 

Sesamoid—bony tissues formed in tendons. 2 

Setae (chaetae)—Bristles embedded in body wall, produced by 


epidermis, found in Annelida and шш ; NI 
i emia—hereditary haemolytic anaemia; ш 
are ЕШ АЛДЕ from the loss of a single amino acid from 


the normal haemoglobin chain of amino acids. х : 
inusoids—Capillary-like blood spaces in liver and bone marrow, 

T Meee Pipillaries in often being much wider and 5 the 

absence of endothelium. ^ 

` Simus venosus—Chamber of seti between veins 

and auricle, it is absent in birds an ] ma : A | | 
Species -Gtoup of individuals with greatest таша! ааа 

Most species form reproductively isolated ues 

only among themselves to produce fertile ofisprini ae Seen 
Somnambnliam sleep wang ал arg combined its советі 

і i ine and walking | ee dig 

p anita but as illness having V hysterical basis m 
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. Sonne dyscntery—bacillary dysentery caused by Shigella ‘sonnei. | 
: Spermatheca (receptaculum seminis or  seníinal receptacle)— | 
Organ of a female or hermaphrodite animal’ which receives and B 
stores sperms until needed for fertilization. 

Spermatogenesis—Formation of sperms by meiosis in testes. 

Spermatozoon—Small motile male gamete often flagellated. 

Sphenethmoid—Skull bone at anterior end of cranium. 

Spherosomes—are specialized microbodies of the cell containing a 
enzymatic proteins capable of synthesizing oils and fats. [ 

Sphincter—Ring of unstriped muscles in a tubular organ or an ` 
opening, it closes the lumen by contraction. | 

+ Spinal cord—Pert of vertebrate central nervous system lying in / 
the backbone, it is hollow and made of nerve cells and nerve fibres, 
it joins the brain. 

Spindle—Spindle-shaped body <of threads formed in a cell in 
mitosis'or meiosis which distributes chromatids to daughter nuclei, 
formed from nucleoplasm. а 

Spirae —Remnant of first gill cleft in many fish. In insects it 
is an external opening of main tracheae through which air goes in. 

Spleen—Organ of lymphoid tissue in higher vertebrates, it has | 
blood vessels, it produces lymphocytes, destroys old red blood | 
corpuscles, and kills bacteria. 


Squamosal—T-shaped skull bone at posterior end of upper jaw. 
In mammals it articulates with lower jaw. 


Stapes—One of the ear ossicles of mammals, like a stirrup, 
represents columella auris of other tetrapoda. 

Steapsin—Pancreatic enzyme which splits fats. 
. Sternum— Breast bone of tetrapoda on mid-ventral side of chest, it | 
is attached to pectoral girdle and ribs are attached to it. In insects, â 
the thickened exoskeletal piece on the ventral side of each segment. 

Steroids—chemicals found in living beings “allied to cholesterol 
and sex hormones, including adrenal glucocorticoids (cortisone and 
hydrocortisone). = 

Sterols—are solid alcohols, e.g., cholesterol and gonadial hormones: 

, Stimulus—A change in the environment of an organism which 

brings about a response. 

Stomodaeum—Anterior part of the digestive tract forming a mouth 
cavity which is lined' with ectoderm.' 

Stratum- corneum—Oüter hardened layer of epidermis of terre- 
strial vertebrates in which cells are keratinized to prevent loss of water 

Striped (striated, skeletal or voluntary ) muscles—Contractile 
elongated muscle cells (fibres) with cross-striations and many nuclei. 
They are moved under influence of nervous system. 

Subclavian—Muscle ог оой vessel below collar bone. 


c 


cance 


[4 
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Succus entericns— Digestive juice Secreted by small intestine of 


vertebrates, it contains many enzymes, such ai = 
аѕ еге 
and sugar enzymes. , epsin, enterokinase, 


© Sudorific (sweat) glands—Integumentary Blands of mammals : 


secreting a solution of salts and small molecules present in Ы 
cooling the body by evaporation. К auc 
Suture—Irregular junction between two bones having fibrous tissue. 
Symbiosis—Association of two different organisms for mutual 
advantage. 


Symphysis—Joint of two bones permitting little movement, both 
bones are covered at the Joint vy cartilage. 4 

Synspse—Point of communication between" two nerve cells. 
There is a continuity between nerve cells, the axon endings of a nerve 
cell lie on the dendrites and the cell body of another nerve cell, an 
Impulse passes through a synapse to the next nerve cell.” » 

Synapsis (pairing) —Temporary association of homologous 
chromosomes (paternal and maternal) in meiosis. E. 

Syscytium—Mass of cytoplasm having many nuclei and enclosed 
in a plasma membrane. 

Systemic arch—Fourth aortic arch of tetrapod embryos which 
in the adult forms the main blood-supply for the body. It is paired, 
but in birds only the right and in mammals only the left arch persists 
in adult. 

Systole—Heart-beat in which its muscles contract to pump blood 
into the arteries, or contraction of contractile vacuole in Protozoa. 

9 T 

T. A. B.—a vaccine containing killed Salmonella typhi, Pargtypht 
A and Paratyphi B; used to produce immunity against typhoid and 
paratyphoid. } х 

TarSals—Bones of the proximal part of foot in tetrapoda lying 
between tibia and fibula on one side and metatarsals on the other. 

Tarsus—Region of hind leg of tetrapoda containing tarsal bones. 
Distal segment of an insect leg. Ў : 8 

Taste bud—Group of sensory and supporting cells in tongue or 
mouth cavity for tasting. xls nc 

Taxonomy—Scientific method of classification of organisms. 

Telophase—Stage in mitosis er meiosis in which chromosomes form 
two nuclei, each with а nu : f 

; nective tissue at the end о 

Tendon—Tough cord or band. 00 ceps с 
а muscle for its attachment, consists of р 5 

Tentacle—A flexible extension from body of certain 
for holding and locomotion. Ў ДЖЕЛ 

Tergum_—Thickened exoskeletal piece on dorsaliside ОП АШЫШ 
in Arthropoda. | 
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х Testis—Reproductive organ of male animal which, produces sperms. 


Tetanus—disease caused by Clostridium tetani bacteria found in road 
dust and manure resulting into spasm and rigidity of muscles. Anti- 
- tetanus-serum (ATS) produces passive immrnity. f 

Tetany—results from parathyroid deficiency in which muscles 
undergo contraction even with mild stimulation. 

Tetrad—A group of four chromatids during meiosis formed by 
pairing and duplication of homologous pair of chromosomes. 

Tetrapoda—Four-footed animals, they are amphibians, reptiles, 
birds and mammals having two pairs of pentadactyl limbs. 

Thorax—In vertebrates the chest region which contains heart 


‘and lungs. In insébts, a group of three segments behind the head : 


which bear three pairs of legs and two pairs of wings (if present). 
Thrombin—An enzyme of vertebrate blood formed from 


prothrombin, it converts fibrinogen’ into insoluble threads of fibrin 


to clot blood. б E 
Thrombocytopenia—reduction in the number of blood platelets ir 
the blood. ' D 


Thymus—TIwo-lobed ductless gland nea: thyroid in vertebrates 
which begins to atrophy after maturity, helps in metabolism and 
acts on lymphatic system. 

Thymosin—hormone secreted by the epithelial cells of the thymus 
gland; provides stimulus for lymphocyte production within the thymus. 
Thyroid—Endocrine gland in neck of  vertebrates. Secretes 
iodine-containing hormone which influences growth and metabolism. 


Tibia—Larger, inner bone of shank in^ tetrapoda lying below 
knee. In insects the fourth segment (between femur and tarsus) of leg. 

Tissue—A group of similar cells with intercellular substance (if 
any), it performs some special function. 


Tissue fluid—Fluid around the cells which forms environment 
of cells. 


, Toxicology—science dealing with poisons or toxins. 

Toxoid—a toxin altered in such a way that it has lost its poiso- 
nous properties but retained its antigenic properties; toxins are OX 
dized to change them into toxids for vaccines. ; 

achea—Wind-pipe of terrestrial vertebrates starting from glottis 
and dividing in chest iuto two bronchi. In insects tracheae are branch- 
ing air tubes which conduct air from spiracles directly into tissues 
their fine terminal branches'are called tracheoles. 

' Trachoma—contagious inflammation affecting conjunctiva, cornea 
and eyelids due to a Bedsonia which resembles virus: it behaves like 
a bacterium though it multiplies intracellularly. ; 

. Tricuspid valve — Valve between right auricle and right ventricle 
in mammalian heart, consisting of three flaps. 
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_Trigeminal nerve—Fifth cranial nerve of vertebrates going ‘to 
skin, upper and lower jaws. А 


Triploblastic—Having the body made from three primary 
&erm-layers, ectoderm,.endoderm and mesoderm. All Metazoa . « 
except Cnidaria. 

Trochanter—Projection of vertebrate femur for attachment of 
muscles. In insects the second segment of leg between coxa and femur. 

.Trochlear nerve (pathetic)—Fourth cranial nerve of vertebrates 
going to one of the muscles of eyeball. 

. Trypsin—Enzyme of vertebrate pancreas which splits proteins 
in an alkaline medium. Ыы 2 

Trypsinogen—Inactive form in which -rypsin is secreted by 
pancreas, it is activated by enterokinase. 

Tubectomy—surgical excision of a part of oviduct. 

Tympanic membrane—Ear.drum, a double layer of epidermis 
outside middle ear for receiving sound vibrations. - 

Typhlosole—A large fold of lining of intestine, as in »=rthworm. 


U 
Ulna—Posterior bone which together with radius forms bones of ^ 
fore arm of tetrapoda, it articulates with hand on the side having 
small finger. 
Umbilical cord—Stalk arising from ventral side of embryo of 
mammal and joining the placenta, contains mesoderm, blood vessels, 
and parts of yolk sac and allantois; it breaks at birth. 
Unstriped (smooth, dnvoluntary) muscles—Contractile cells of 
vertebrates, they are spindle-shaped with no transverse striations, 
they are bound together by connective tissue. Undergo^ slow 
contractions controlled by autonomic nervous pis E 
the stem-like structure connecting the bladder wi e 
been foetus; in post-natal life it is represented by a fibrous 
cord situated between the apex of the bladder and the umbilicus. | 
Urea—Chief excretory product of vertebrates, contains organic 
compound of nitrogen. А des 
Uremia—high concentration of blood urea due to kidney failure. 
Uridrosis—excess of urea in the sweat; it may be deposited on 
the skin as fine white crystals c: ed ‘uraemic snowi. 
j i kidney to cloaca or bladder. 
Ureter—Duct conveying urine from y Puck i 
Urethra—Tube leading from urinary bladder Д шаша to 
the exterior, joined by vas deferens ш maed brate kidney. 
івіб ules—Narrow coiled tubes in vertebrate СЕЛ 
Ошон pean capsule to collecting duct. и of 
i О ч “are Кеј 
FE S is altered in tubule, sqme substances are & > С 
and others are excreted into it. 
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‘Urostyle—Unsegmented terminal part of vertebral column of 
frogs and toads. ‹ ә 

Urticaria—an Allergic skin eruption characterized by multiple 
^ pinkish, raised, itchy patches developed suddenly. ^ 
. Uterus—Womb. Enlarged end portion of oviduct in female 
mammals in which embryo develops, it may be paired or single. 

V 

Vagina— Posterior region of reproductive tract of female mammal 
opening to exterior, receives penis of male in copulation. 

Vagus nerve—Tenth cranial nerve of vertebrates supplying heart, 
intestine, larynx and diaphragm. 

Vasopressin—hormone formed in the hypothalamus; passes down 
the nerves into the pituitary stalk to be stored in the posterior lobe 
of the pituitary; it is the anti-diuretic hormone (ADH); can be 
given by injection in diabetes insipiaus. 

Vas deferens—Tube conveying sperms from testis to cloaca or 
urethra. . ә 

Vas efferens—Tube coaveying sperms from testis to kidney or 
the vas deferens. 

um vasorum—the minute nutrient vessels of the artery and vein 
walls. 

Vasectomy—surgical excision of the part of vas deferens. 

. Vein—Blood vessel carrying blood from capillaries to heart, 
kidney or liver. 

Ventral—Situated towards lower side (d h osite 
Вау (downwards). Орр 

.Ventricle—Cavity in vertebrate brain containing cerebrospinal 
fluid. A chamber of heart with muscular wall for pumping bloo 
into arteries, single in amphibians and fishes, double in birds and 
mammals. М 

Vernix caseosa—a fatty substance which covers the skin of the 
foetus at birth and keeps it from becoming sodden by the liquor ашо: 

Vertebral <column—Longitudinally arranged chain of vertebrae 
running mid-dorsally and surrounding the spinal cord in vertebrates. 

Vertebrata (Craniata)—Animals having a skull, well-formed brain; 
and in all living forms, a vertebral column. 

Vestigial organ—An organ which was well formed and 
functional, but in course of evolution has reduced very much 50 
that only a. no -functional'trace is left; but it may be functional 
if embryonic development though its former adult function has 
disappeared. o 


_Villus—Finger-like projection of intestinal lining, the villi hav’ cH 
epithelial covering and contain blood vessels and a lacteal. They 


increase absorptive surface of intestine. 
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х Viscera—Organs contained within the body cavity ; singular-of 
viscera is vistus. ч 

Vitamins—Organic substances which are essential in minute 
quantities for normal fynctioning and metabolism of an organism. , 
Vitamins are not made by an animal needing them but are obtained 
from the environment. < 

Vitelline membrane—Membrane surrounding ovum of animals. 
_ Vitreous humour—Jelly-like, clear substance of vertebrate’ eye 
In space behind the lens. 

Viviparous—Giving birth to young which develop within the 
body of the mother and derive nourishment from maternal tissues. 


Ww S ‚.є 


White matter—Nervous tissue of vertebrates formed of medul- 

lated nerve fibres and neuroglia,.forms a layer outside grey matter. 
9. X 

a Xanthoma—a collection of cholesterol under the skin producing 
a yellow discolouration. > Р 

Xerophthalmia—dryness and ulceration of the cornea which may 
lead to blindness; associated with lack of vitamin A. 

Y 

Yellow spot (area centralis)—An area in vertebrate retina having 
a yellow pigment and cones, in higher vertebrates it has a fovea. 

Yolk—Stored food in the form of protein and fat granules, found 


in many eggs. 
Yolk sac—Bag or diverticulum of gut hanging from ventral surface 


of vertebrate embryo, it may or may not contain yolk. S 
Z 


is—di in man transmitted by animals. 
а hats ions ГУ «ДЕШ 


is—Anterior and рокот ргојес 
f а vertebra forming articular suriaces. 
p arch—An arch of bone in the skull of mammals formed 


ral and maxillary bones. —— 

“ ruote cal formed by fertilization of an ovum by a deem 
before it undergoes further development. › 

Zygotene—Stage in meiotic сеп p 

drawn together. da ae 

i EEE pee called ‘chief cells’ are pepsin-secreting cells 


of gastric glands. 


when homologous pairs 


2 
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MEO. Zeology—I Paper 
(Biology) 


Note ; All questions-are compulsory. 


OR 
What is Darwinism ? Describe its role in organic evolution. 1+4 
2. Enumerate the Gifferent theories of origin of life. Give a 


detailed account of Oparin’s Theory. 3+2 
; OR., 
Discribe the process of оѕто-герша;іоп in Amoeba. Mention 
functions of contractile vacuole. 3+2 
3. Describe the different" cells found in the gastrodermis of 
Hydra. Mention their functions. 3+2 
4. The deficiency of which vitamins cause the following diseases ? 
; iiti 
(a) Night blindness (b) Rickets 
(c) Scurvy (d) Impotency 
5. Classify any two of the following :—  . Ip n 
(a) Fish (b) Mosquito 
(c; Liver fluke (d) Leech 


6. Describe the economic importance of locust. 


7. Draw only a labelled diagram of Axis Vertebra of Rabbit. — 2 
OR : 
Draw a labelled diagram only-of the septal nephridium of 
‚ earthworm. 


8. What is reflex action ? Give two examples of such actions. 1+1 


9. Draw only a labelled diagram of digestive organs of Cockroach. 2 
о OR 


^ Draw а labelled diagram ‘only ОЁ the transverse secticn of 
male Ascaris Passing through its reproductive organs. 


10. Write names of the Spinal nerves of frog. 


| 
1. What are fossils ? Give évidences of evolution from fossils. 1--4 | 
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11. What is the function of insulin in human body ?"- °. -+2 
12. (a) What is a tissue ? EN NET Men 
(b) What do you understand by regeneratiof? ^" -- ЖК 
33. Describe the structute and function of lymph in the body. 22 
OR T CN EL. 
Describe the structure of spleen. What is its importance in beng 
the body ? Ў TO II 
: ^ e 


9 


а 


$52 


12. 


13. 


U:P. Board—Intermediate Examination, 1991 
i Biology I 4 


. Mention the different eras of Geological time-scale. Why is 


Mesozoic era called the *Age of Reptiles" ? Describe any o 


two animals of this era. D 2+1+2 
я 


Differentiate between homology and analogy. Also describe 
how do they provide evidences in favour of organic evolution. 2+3 


How does Miller’s experiment support the principles of 


Oparin about the origin of life ? 5 
What are sex-linked characters? Describe the important 
sex-linked characters of man. 1+4 


Describe the four main characters of Protozoa aud Porifera. 2 
Differentiate between Anopheles and Culex on the basis of 


their external characters. 2 
"гаҳ labelled diagram of the T. S. of hyaline cartilage. . 2 
Or 
Draw a labelled diagram of striated muscle. 2 
Draw a labelled diagram of the salivary apparatus of cock- 
roach. 2 
Or 
Draw a neat labelled outline diagram of the transverse section 
(T.S.) of the retina of the суе of frog. . 2 
Mention the names and functions of the various enzymes 
found in the pancreatic juice. À 2 
Describe the functions of adrenal gland and pineal body. , 2 
Give any four differences between epithelial tissues and 
connective tissues. x 2 


Why is pancreas considered both endocrine and exocrine 
glands ? 


The following Scientists are famous for which of their findings ? 


$ each 
(a) Robert Hookt * 

(b) Hugo De Vries 

(c) Louis, Pasteur 

(d) Carl Landsteiner. ^ 

Give the names of various types of nematocysts found in 
hydra and mention theiz fuctions. 1+] 
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s.s INDEX асе 
А alleles 2 849 
Abdomen ^ 461 alveolus 141, 200, 576, 657 = 
abdominal appendages 449 amino acids 
abdominal cavity 22, 569  amitosis 
abdominal pores 815 amniocentesis 
аро шпа уеїп 170 Amoeba 
abducens 215, 696 amoebocyte 
abductors 457 Amphibia 
abiotic | 883 amphiblastula 
absorption _ 150, 604 amphicoelous 
accommodation 230,709  amphid ^ 
acetabulum 123,368 amphiplatyan 
acetylcholine 97, 221, 670, amphipneustic 
aeey coenzyme 913 amplexus 
acoelomate 2  amplexusory pad 
ücoustic spots 232 ampolla 
Acraria 811  ampullary pores 
acromegaly 734  amylase 
acromian process 122, 336 amylopsin 
acrosome anabolism 
actin 89 ANF . 
active transport 43 anal cerci 
actomyosin 90 anal styles 
adaptive radiation 919 analogous 
adductor ` 10 41 дарра ai 
adenoids `_ 10, anap 
adenosine triphosphate 3 АТ, ee упат АЕР 
adipose tissue ) 81, 537 алешозріета 
adrenal gland 729 animal cll 
adrenalin 222, 122 ae po 
aedeagus а 
^ 505 Annelida 
Arden a 16 annulus of Vieussens 
s 
afferent fibres 2 PEREAT 
Een 812 antenna 
E 483 antennule> 
AIDS > st ti abdominal vein 
air bladder 501 anterior choroid plexus 
agoan g6 anterior commissure 
ЖЕ marrow 118 anterior cornua i 
ar process 471 anterior temporalis 

alary muscles 866 antiðody 
alcaptonuria antigen 
alimentary canal 132, 465, 583 i2 
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antitoxins ЕЗ с 187 auricle 158, 637 
antisera 829 auriculo-ventricular valves 159,638 
Anura El 820  Australopithecines 946 
aorta 169 Australopithecus afarensis 948 
* aortic arches 169 autonomic nervous system 220, 698 
anes 841, 942  autosomes 861 
Apis 519 autotomy 905 
Арода 823 Aves 832 
apodemes “458 axial skeleton 110 
apoenzyme 146, 673 axis vertebra 546 
appendages 448 axolemma 94 
appendages of Palaemon 448 exon 93 
appendicular skeleton 110,120 axon endings 93 
appendicitis ie 593  axon hillock 93 
appendix interna 450  azygos cardinal vein 648 
appendix masculina 450 : 
appetite‘centre 598 Д В 
apposition image 480 Balantidium coli 310 
aqueduct of Sylvius 207, 687  Bartholin's gland 754 
aqueous humour * 227 basal granule © 296 
archaeocyte 318 basal metabolism 627 
Arachnida 802 basement membrane 106, 137, 745 
arachnoid layer 681 basilar membrane 715 
arbor vitae 687  basioccipital 550 
archenteron cavity 255  basisphenoid 551 
area centralis 229,709 basophils 183 
areolar connective tissue 80 bats 838 
arista 509 beta oxidation 622 
arolium 460 bicuspid valve 638 
artery 155  Bidder's canal т 23 
arterioles 155 bilateral symmetry - 20 
Arthropoda 447, 798 bile 149, 600 
arytenoid 197. 655 bile duct 24, 136, 588 
Ascaris | 395 bile pigments 149, 601 
Aschelminthes 796 bile salts 149, 591 
assimilation 150 binary fission 24, 280. 300 
association neuron 218, 693 binomial nomenclature 14, 782 
asters 68 Biogenetic law 915 
astragalus 125 Biology l 
astral rays 68 Biosphere 4 
asymmetry fa 20 bicia 13 
MEET E A P 
. > 546 bipolar ganglion cell 
Atlantic man 951 iting mechanism 827 
atrium _ 158, 473  bivalent 
atrioventricular node 655  blastocoel 
atrioventricular valve „159 blastopore 
auditory capsule -116 blastostyles 
auditory nerve 215 blastula 


— 


a e 
a A | INDEX о ` 
К) з 
” "| 2 3 


Blatta wae 452 caput cu Se) 2 

à epidid ` 
ЫШ Ер, * 9 228, 709 CREADA улады [т 
blood DERE ^ 177,192 carbohydrate ^ 52, 611. 
an 182, 195 carbonic anhyGrase 663 
И od brain barrier ^ 682 carbon dioxide transport 663 ° 
1500 clotting X 190 cardiac muscle 

ood composition 185 cardiac skeleton 166 
blood corpuscles 178 cardiac sphincter 585 
Bed glands 429 cardiàc stomach 134, 585 

ood groups 870, 918 cardo 442 
blood pressure 642 carnassial 339 
blood platelets 186, Carnivora 839 
body cavity 333 carotico-systemic aorta 638, 
Bohr effect 181 carotid a^ch 170 
Bombyx 523 carotid artery 170 
bone 84 „ cerotid labyrith f 170 
bone marrow 5 85 carpals ^ 124 
Bowman’s capsule 240, 739 cartilage 83, 
brain | 206, 434, 477, 683 cartilage bones - 108 
breeding season 17 cartilage of Santorini 655 
bronchiole 657  caryosome 292 
bronchus 199, 657, 657  casein 600 e 
brow spot 17 cauda equina 217, 698 
Brownian movements 39 caudal vertebra 556 
brown fat 81 cavum aorticum 161 
Brunner's glands 586 cavum pulmocutaneum 161 
buccal cavity 419, 572 cell 39 
buccal receptor 436 cell body 87 
bucco-pharyngealcavity 132,570 cell centre 46 
bucco-pharyngeal кашаа m el cale, Я 66 
buddin , COMP CLVISLOD 
bundle of His ` 638 cell inclusion jy 
Bufo ° 821 cell membrane as 

cell theory : 
C cells of Leydig 730 

са 587 cellular respiration 671 
calcaneum 125 cementing disc ` 94° 
calcar 126 central nervous system 206 of 
calcified cartilage 84 саша ^ 45 E 
calciferous gland 22 Mii e З 44, 68 | 
calcitonin trosome x 
calcichordata ч 815 ЕН ПО 
canal system 85 Caphalochordata 812. 
canaliculi ^ 86 cephalothorax 
canals of valkmann 87  cercaria 
сше оше 573 cerci 5. 
canine tee 
ciptllary 156 cerebellum 
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cerebral hemisphere 206, 683 cloaca ue 19, 135 
cerebro-spinal fluid 205, 682 clypeus — , `. 455 
cervical vertebra „ 545 спешіа! crest 362 
cervicum 453 Cnidaria 340, 792 
^ Cestoda ' 795 cnidoblast 339 
cheek teeth 574 coagulation 190 
chelae 452 coagulation time 192 
chemosynthesis „893 cobra 831 
chiasmata 72 cochlea 714 
chitin 463 cocoon 441 
chloragogen cells 421 coeliaco-mesenteric 170 
chloride shift 665 coelom 22, 260, 330 
^hoanocytes a 317 coelomic fluid 22, 419 
cholecystokinin €149,600 соепоѕагс 357 
Chondrichthyes 813 coenzyme 146, 672 
chondrin 83 -collagen 80 
chondrióblast 84 collecting tubule 740 
chondriosome 46 colleterial gland 484 
chondrocranium 114 colloid 38 
chondrocytes ' 83 colon 466, 587, 593 
chondroclast 109 colour blindness 
chordae tendineae 638 columella auris 116,231 
chordal sheath 83 columnae carneae 160 
Chordata 811 columnar epithelium 18 
choroid 227 columns of Bertini 738 
choroid plexus 207 commissures 208 
chromaffin cell 222 compact bone 87 
chromatid 68 compound eye 418 
chromatin 45 condyle 124 
chromatophore 82, 107 cone cells 5 108 
chromophil cells 419 conjugation 301 
chromomere 44, 68, 840 conjunctiva 228, 106 
chromosome 44, 68, 840 connective tissue 11 
chyle 602 connecting links 915 
chyme ` 149, 602 consumers 6 
chylomicrons 149, 601, 620 contractile vacuole 273, 298 
tiliary body `. 227,707 contraceptives 715 
ciliated epithelium 79 conus ae 
cilium 79,296  coprophagy 603 
circular muscles 416 copulation 20, 441, 1% 
circulatory system “ 156 copulatory pad 2 
circulation ef blood 426 copulatory bursa 40) 
cisterna chyli 2 652 coracoid 2, 
pum Recs 494,816 cornea a 
Gasification 788 coronary artery & vein 159 118 
Е fae e 122 coronary process 231 
ditake 4 252 corpora adiposa 492. 
AERE 414 corpora allata 208. 
754 corpora bigemina 
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ei 08 ^v pi 
corpus albicans: ds 682 2 а Wini 924 
corpus callosum ; 685 decalat ioe 525 
сор oS 331, 752 diciduous teeth. dee 

ngiosum 157 
corpus striatum 207, 685 ieee cit 
corpuscles x 177 deglutition 603 
> , dehydrogen 
RU i 128 deltoid Edge 123 618 
) endron : 
cotyloid 558  dendrite 9: 
Cowper s glands R деу bacteria 10 
| ental fermula 574 

cranial flexure 259 dentar 
cranial nerves 213, 693 dentine 133 D 
Craniata 811° dermal bones - 108 
cranium M4 dermal plicae 19 
cretinism 723  dermatocranium 114 
cribriform plate 552 dermis, Ар: 105 
cricoid cartilage 198, 655 desmoneme 341 
ue M 46, 232, 70 Чеш оше 77 

ro-Magnon Man extrin 598 
Crocodilia 832 diabetes mellitus 142, 614, 
стор. 466 617, 722 
crossing over 73, 859 diabetes insipidus 722 
crura cerebri 208, 684  diapedesis 186 
Crustacea 799  diakinesis 73 
crypts of Leiberkubn ~= 586 diaphragm 567 
cryptozoites 285  diaphysis 834 
crystalline cone 479 diastema ^ 574 
cuboidal epithelium 78  diastole 641 
Culex ^ 490, Шо ш 207, 684 
cupola 715 diencephalon , 
Cutaneous respiration 199 diet 599 
cuticle —, 399, 4641 diffusion 43 
cybernetics 616 аап 2 Т. 

closis Beaton 
oat 282 digits 1 
cystic duct 06510 eyni 207, 685 
Оооо , l 0 Фа nucleotide Be 
cyton 3 xp 329 
cytostome 298. diploblastic E 
Cytopharynx 298 dip loid 

t 3001 di Plotene stage à 
cytopyge 43] Dipterous 
cytoplasm 43] discus proligerus 
cytoplasmic inclusions 18. distal eluted tubule 
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dominant chafacter 748 
dorsal 20 
dorsal aorta 171 
dorsal lip ‹ 255 

~ dorsal septum 693 
dorsal sulcus 693 
dorsal vessel 424 
dorso-intestinal 424 
D. N. A. 55; 895 
D. P. N. 672 

Dracunculus 411 
ductless gland 141, 720 
ductus arteriosus 644 
ductus endolymphaticus, 232 
duodenum 4, 591 
dura mater 205, 681 
5 E 
ear 233, 712 
ear ossicles— 552, 713 
earthworm 414 
ecdysis 106, 487 
E. C. G. 165 
Echinococcus granulosus 390 
Echinodermata 806 
ecology 10 
ectoderm 258 
ectoplasm 271 
ectopterygoids 828 
ectothermal 16 
egesticn 216 
ejaculatory duct 371, 482 
electron transport system : 675 
elytra 460 
embryology 10 
emulsion 39 
embryophore , 388 
enamel 133, 577 
Endamoeba 305 
endoGrine gland 141, 720 
endoderm Е. 258 
endoderm lamella 361 
endol ymph o 232, 714 
endomysium ‹ 91 
endosteum 86 
endoplasm 271 
endoplasmic reticulum 43, 273 
endopodite . С 448 
endoskeleton 108 
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endothelium qe 155 
enteric cavity , 357 
Enterobius ‹ 409 
enteron 337 
enterogastrone 604 
enterokinase 149, 600 
enteronephric 431 
enzymes 145, 891 
eosinophil 183 
ependyma 209 
epiboly 254 
epicyst 293 
épicoracoid cartilages 122 
epicranium 455 
epicranial plates _ 455 
epidermal receptor 436 
“epidermis 105 
epididymis 154 
epididymis, cauda 756 

5 caput 156 
epiglottis 512, 579, 655 
epimysium 91 
epinephrin 728 
epineurium 211 
epiphysis 543 
episternum 122 
epipterygoid 827 
epithelial tissue 11 
epithelic«muscular cells 336 
equilibration mt 
erector muscles 538 
erythrocytes 178 
estrogen 731 
eucaryotic 41 
Euglena 788 
Eugenics 870 
Eustachian tube 133, 231,571; 712 

» valve 637 
Eutheria 836 
Eutyphoeus 420, 198 
evidences of evolution 912 
evolution 9, 912 
evolution o? man 938. 
excretion 3, 241, ob 
exoccipital + A 
exo-erythrocytic phase ni 
exopodite  - - 445 
exoskeleton А 
exopthalanmic goitre 12% 


Есу 
— AM "т 


————— Q—Á —— — a e—— — —— ——— Rm, 


——M 
2 
4 ә 


wr е, 


: i 


“э ? 739 ^ | : INDEX : Чо 7 
expiratich* ° 201, 660 forni : , 
external auditory meatus 712 Fossa ovas oA 685 
сота] gills . 4 17, 262 fossils: a 920 
nal nares l А 
exteroceptor 223 Non ace , is 
extracellular digestion 348 frontals ae Е 
-eye 226, 705  fronto-pari f 
onto-parietal 116 
eyeball 226  funiculi 210, 6 
eye muscles ` 226, 706 ^ 562 
С ; 
Е 
galea 457 
facet: 478 gall bladder 23, 136 
facial nerve 215 gametes * 293 
faeces 3 gamocysh ^ ' 293 
F.A.D. 675 gametocytes 286 
Fallopian tube © 754 gamogony 286 
family welfare 163^ gametogenesis `a 24 
fangs 827 ganglion 93, 211 
fasciculi 91  Gasserian ganglion 223, 697 
Fasciola hepatica 367, 805 gastric, glands == 148, 585 
fats 53, 475 gastric juice ^" 148. 
fatty acids 54, 596 gastric pits 596 
femoral artery 171 gastrin 600 
femoral vein 171 раѕігоуаѕсшаг cavity 348 
femur 125 gastrula 256 
fenestra ovalis 116, 231,713 gastrulation 254 
fenestra rotunda 713 ретше 319 
fermentation 673 generation, filial 848 
ferritin ə 182 genes 45, 58, 853, 864 
fertilization 239, 249, 758 genetics 10, 845 
fibrin and fibrinogen 191 genetic engineering ^ 62 
fibroblasts — * 81 genetic instructor 38 
fibula. 561 genotype 855 
filum terminale 112,217 genu 686 
fin rays 815 genus. 5 13, 782 
flagellum . 307. geological periods 898 
flame cells. 370. geological time + 898› 
flatworms 367. germ cell — 258, 314 
flies 512 germinal epithelium ` [2 
floating ribs 545 germinal layers, primary ` 258 
fluid tissue 87 gerontology aa 
floccular lobes 683 gestation ` 832 
follicle cells a 242, 752 gharial 981 
fontanelles 115 gill slefts 447, 818 
275 gill covers AEST 
fogd vacuole 115 gizzard 420, 466 
oramen magnum erdam ^ 
foramen of Monro ‚ 207, 686 glands pagos тй 
foramen Magendie £36 Seno) cavity 


foramen ovalis 
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Glisson’s capsules 588 
glomerulus =: “ 240, 739 
glossa ‚458 
Glossina c A i l 2 
, glossopharyngea ; 
BE 133, 199, 572 
giucagon 141, 616, 722 
glucokinase 613 
gluconeogenesis 2615 
glucostat theory 598 
glutinant 341 
glycogen 142, 614 
glycogenesis 142, 613 
glycogenolysis > 142, 613 
‘glycosuria 142 
glycyl-alanine 52 
glycolysis 671 
Gnathostomata 813 
goblet cell 79 
goitre == 724 
Golgi bodies 47 
gonads" 241, 730 
gonangium 357 
gonapophyses 462, 485 
gonopore 371 
Graafian follicle 744 
granulocytes 183, 419 
grass snake 832 
gravid 484 
grey crescent 250 
grey matter — 209, 692 
guanine excretion 150 
gubernaculum 403, 757 
gullet 24, 133 
gustatoreceptor 225, 437 
gynatrium 484 
gynovalvular plate 462, 485 
Буп 687 
a H 
HLA 190 
habenular commissure 686 
haematocrit 2 182, 
haemocoel с 470 
haemoglobin 177, 662 
haemophilia 192, 862 
haemopoiesis 182 
haemopoietic tissue 182 
haemosiderin «182 
haemotoxin ' 998 


haemolymph 


' 468 
haemozoin Р 285 
hair Lu. 538 
hair follicle 538 
hallux „n 125 
haltere 493, 511 
haploid 
Harderian glands 226, 707 
hare 
haustra 577 
Haversian canal 86 
heart 23, 157, 426, 470, 636 
heart beats 534 
helicotrema 715 
hemiazygos 648 
Henle’s loop 740 
"Hensen's disc 88 
heparin 191 
hepatic caeca 466 
hepatic cell . 140 
hepatic duct 136, 589 
hepatic portal system 173, 649 
hepato-pancreatic duct 136 
heredity 847 
heterocercal 816 
heterodont 573 
heterometabolic 488 
heterosomes 860 
heterotype division 71 
heterozygous 853 
hexacanth ^ 388 
Pibernation 2. 
iccupping 

high energy bond 669 
hilus 738 
hirudinea 798 
histiocytes 81 
histogenesis 498, 514 
histology 10 
histolysis 498, 514 
holoblastic cleavage 253 
holometabolous 498 
homeostasis: 616, 741 
Homo sapiens 951 
homologous organs = д | 

» chromosomes 1 
homology 6, 2 
homotype division 53 
homozygous 8» 
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һопеу d 520 inner 1 
s - £lastic sheath ' 
ошоп 720 innominate агўегу on 
house fly 489 Insecta 800 
flumerus ^ 123 inspiration " 201, 6492 
nyaluronidase 758 instar 487, 592 
hyaline cartilage 84 insulin 141, 616, 722 
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